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Voorwoord 
Het is van groot belang dat de lees- en spellingontwikkeling van kinderen 
nauwlettend wordt gevolgd. Uit onderzoek blijkt namelijk dat de kans op het 
ontwikkelen van problemen met lezen of spellen sterk vermindert als 
achterstanden in het lees- en/of spellingproces tijdig behandeld worden. Om de 
ontwikkelingen van een kind op het gebied van lezen en spellen betekenisvol in 
kaart te kunnen brengen dient men te beschikken over een instrument dat niet 
alleen betrouwbaar en valide is in de tijd, maar liefst ook houvast biedt bij het 
bepalen van leerdoelen en het opzetten van interventies. Daarnaast is gefundeerde 
kennis over het proces dat ten grondslag ligt aan lees- en spellingontwikkeling 
onmisbaar om vorderingen van een kind adequaat te interpreteren. Dit proefschrift 
omvat een aantal studies die gericht zijn op (a) het ontwikkelen van instrumenten 
om lees- en spellingvorderingen te volgen, en (b) het modelleren van het lees- en 
spellingproces. 
Dit proefschrift was niet tot stand gekomen zonder hulp van anderen. 
Vanzelfsprekend ben ik iedereen die een rol heeft gespeeld bij de totstandkoming 
van dit proefschrift zeer erkentelijk. Van enkelen is de bijdrage zo groot geweest dat 
ik ze in het bijzonder wil noemen: 
Ludo, in de zomer van 2004 ontving ik van jou een mail waarin jij aangaf op te 
zoek te zijn naar iemand die affiniteit heeft met toetstechniek. Er moest namelijk 
één adaptieve toets voJi'· het signaleren van dyslexie ontwikkeld worden. Het project 
zou bovendien uitzicht bieden op promotie. Toen ik met het project begon bleek al 
snel dat het project "iets" meer inhield dan de ontwikkeling van één toets. Jouw 
ideeën en onmiskenbare ambities maakten het project erg omvangrijk en complex. 
Achteraf kan ik zeggen dat dit proefschrift niet geschreven had kunnen worden als 
er voor een eenvoudiger en kleinschaliger onderzoeksopzet was gekozen. Ik wil je 
bedanken voor je adviezen met betrekking tot het opzetten van het onderzoek en 
het "verkoopbaar" maken van de artikelen. 
Theo, jouw rol was in de eerste fase van het onderzoek enigszins onduidelijk. 
Op papier gaf je alleen onders teuning bij de ontwikkeling van de signaleringstoets 
voor dyslexie. In de praktijk gingen veel van onze gesprekken over de statistische 
methodologie die ik wilde gebruiken in dit proefschrift. Ik ben blij dat je mij wilde 
adviseren over de statistiek, ook toen nog niet was afgesproken dat je promotor zou 
worden. Door jouw unieke kijk op bepaalde vraagstukken heb je indirect 
vormgegeven a a n dit proefschrift. Door jouw commentaar op conceptversies van 
artikelen, zijn de methoden- en resultatensecties van de artikelen nog preciezer 
geworden. 
Judith, vanaf begin af aan heb jij een belangrijke rol gespeeld bij de 
to ts tandkoming van dit proefschrift. We hebben niet alleen jarenlang dezelfde 
kamer gedeeld, maar waren ook nog eens betrokken bij hetzelfde project. Ik kan me 
nog goed her inneren hoeveel moeite het kostte om voorafgaand aan elk 
meetmoment voldoende toetsleiders te werven om "onze" 2000 leerlingen te toetsen. 
Ook het vele gesjouw met laptops en toetspakketten zal ik niet snel vergeten. 
Zonder jouw voortvarendheid en communicatietalent was het me niet gelukt om de 
organisatie van de dataverzameling steeds weer op tijd rond te krijgen. Ik wil je 
ontzet tend bedanken voor de goede samenwerking van de afgelopen jaren. 
J o s Keuning 
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General introduction 
A good command of reading and spelling is mandatory to function successfully in 
school and society. However, the Dutch inspectorate of education has recently 
concluded that 15 percent of the children has an insufficient level of reading at the 
end of first grade of elementary school and that during second grade of elementary 
school the number of children with poor reading and spelling abilities even doubles 
up to approximately 30 percent (Inspectie van het Onderwijs, 2006). In addition, it 
has been concluded that a quarter of the children finishes elementary education 
with reading skills at the level of grade four at most (9-10-year-olds). As a 
consequence, about 7 percent of the 15 to 25-year-olds in the Netherlands has a 
reading level that is insufficient to maintain oneself in every day life (OECD, 1997; 
Bohnenn et al., 2004). School books, for instance, cannot be read independently 
and extreme hindrances are experienced during employment after education 
(Hacquebord, 2004). These results are particularly startling because various 
scientific studies have shown that the number of poor readers and spellers can be 
reduced substantially by early interventions (e.g., NICHD, 2000; Slavin, Karweit, & 
Wasik, 1994). Children's development should thus be monitored systematically and 
accurately from an early stage in order to notice delays in the reading and spelling 
process timely. The present thesis focuses on the monitoring and modeling of 




1.1. Monitoring growth in reading and spelling: Current practice 
Reading and spelling problems usually manifest early in the literacy development of 
children. There is ample evidence that phonological awareness and reading and 
spelling ability are strongly related and that problems can already be diagnosed 
during the kindergarten period (e.g., Stanovich, Cunningham, & Cramer, 1984; 
Tunmer & Nesdale, 1985; Wagner et al., 1997). The extent to which children are 
capable of developing phonological abilities can be established by administering 
specific phonological awareness tasks such as rhyme, phoneme identification, 
phoneme blending, and phoneme segmentation (Snow, Burns & Griffin, 1998). The 
risks on reading and spelling problems in later stages of learning can be minimized 
by means of direct instruction in the area of phonological awareness (Borstrom & 
Elbro, 1997). Letter knowledge has also been marked as an important precursor of 
reading and spelling in many studies (e.g., Elbro, Borstrom, & Petersen, 1998; 
Lonigan et al., 2000). It has therefore been emphasized that in addition to 
phonological awareness , letter knowledge should be included in every early 
monitoring program as well (Wagner 06 Torgesen, 1987; Stanovich, 1994). 
Problems with reading and spelling cannot be established until formal 
instruction is provided. In Dutch schools, children s tar t to receive explicit 
instruction in reading and spelling from the beginning of first grade. Initially, 
children l eam that words consist of phonemes and that these phonemes refer to 
letters. Essentially, it is this knowledge that forms the foundation to learn to read 
and spell. The learning process s tar ts with the reading and spelling of 
phonologically t ransparent CVC-words (i.e., C s tands for consonant and V for 
vowel), and in later phases , words with consonant clusters and polysyllabic words 
get gradually involved. It is important to monitor children's progress in reading and 
spelling systematically because early identification of delays and intervention 
greatly reduces the chance on problems later on. Moreover, the persistence of 
reading and spelling difficulties can only be assessed by monitoring development. 
The assessment of the persistence of reading and spelling problems is of particular 
importance in the screening for dyslexia (cf. Vellutino et al., 1996, 2004). Dyslexia 
involves reading a n d / o r spelling problems to be resis tant to usual teaching 
methods and remedial efforts. One test administration, thus , will not be sufficient 
for the detection of dyslexia. It mus t be demonstrated that after early identification 
and a period of systematic and task-based help by a classroom or remedial teacher, 
reading and spelling problems continue to arise. 
In the Netherlands, there are two pupil monitoring systems (PMS) tha t have 
found wide-spread use in elementary education: "CITO-PMS" (see Vlug, 1997) and 
"DLE-PMS" (see De Vos, 2005). Both systems include tests which are suited to 
monitor reading and spelling growth. The two systems, however, report children's 
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test results fundamentally differently CITO-PMS u s e s item response theory 
calibrated ability scales which classify test resul ts into five different levels of ability, 
That is, A, B, C, D, and E These levels indicate the relative position of a n 
individual in the reference population The levels A a n d Β indicate a test score to he 
above the national median (P > 50) a n d the levels C, D, and E indicate a test score 
to lie below the national median (P < 50) The so-called Ε-children who score in the 
lowest 10 percent of the population are generally considered a s the children at risk 
The test reports of the CITO-PMS have been criticized by teachers because of the 
lack of insight they provide in children's progress If a child scores at level E, for 
example, we know t h a t he or she belongs to the 10 percent poorest in the 
population This Ε-score, however, is nothing more t h a n the relative position on a 
frequency scale and on such a scale there will always be a group of 10 percent 
poorest Hence, an E-score does not have to be worrisome in all cases Moreover, it 
is hardly possible to progress from a n E to a D- or C-level As matter of fact, it c a n 
be quite normal t h a t a child scores at level E during the entire elementary 
education penod 
The tests involved in the DLE-PMS are analyzed with classical test theory a n d 
use didactic-age-equivalents (DAE) to represent the progress of individuals as a 
function of the n u m b e r of m o n t h s of educat ion The u s e of DAE-scores is intuitively 
appealing because children's progress is m a d e explicit Moreover, it is a m e a s u r e 
which can be communicated easily to both the children and their p a r e n t s 
However, also DAE-scores are not without controversy (see, for example, Evers & 
Resing, 2007) It h a s been argued t h a t the u s e of DEA-scores leads to 
interpretations and decisions which are unjustifiable Not only because of the 
incapability of the m e a s u r e m e n t model to m a p development, but Eliso because of 
the claimed precision (i e , in months) of the test reports The reports, that is, are 
such refined that even the ones with similar levels of ability in real can show large 
differences in DEA-score j u s t because of unreliability of the test administered A 
decline or increase in ability, t h u s , may simply be accidental and can hence bring 
on incorrect interpretations 
Taken together, an important problem of current Dutch pupil monitoring 
systems is that they fail to quantify a n individual's growth adequately (DLE-PMS) 
or explicitly (CITO-PMS) As a consequence, Dutch elementary schools have 
insufficient handhold to adequately identify the group of children with serious 
reading a n d / o r spelling problems In addition, it is difficult for teachers or remedial 
teachers to establish adequate, realistic, a n d measurable learning objectives The 
monitoring systems, moreover, hardly provide any information that can be 
translated directly a n d easily to intervention activities The current educational 
testing practice, t h u s , calls for a refined i n s t r u m e n t which is particularly suited (a) 
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to identify the group of children with the most severe and persistent reading 
a n d / o r spelling problems, and (b) to predict those children's reading and spelling 
performances across grades in perspective of learning objectives and interventions. 
Note that such an ins t rument could function very well next to the currently 
available monitoring systems. The available reading and spelling tests , tha t is, can 
be used to conduct a first screening, and the children who drop out (e.g., test 
scores < P25) can then be subjected to a closer longitudinal examination with a 
more refined inst rument . 
1.2. Issues in pupil monitoring 
The general process of test design and test development can be characterized by a 
n u m b e r of successive stages, beginning with the specification of the test purpose 
and the operationalization of the intended ability to measure , and ending with the 
writing of the test 's technical and use r manual (see, for example, Millman & 
Greene, 1989). Numerous decisions have to be taken between the first and last 
phase . Two issues fundamental to a longitudinal measurement will be regarded 
explicitly in the following sections. That is, (a) the selection of the measurement 
model, and (b) the selection of the growth model. 
1.2.1. Select ion of the measurement model 
The selection of the measurement model can be considered as one of the most 
important choices in the test construction process. There are two general 
frameworks for the development and validation of tests: (a) classical test theory, 
and (b) item response theory. Both theories introduce a number of theoretical 
concepts and assumpt ions and specify their relationships in test models. Well-
known test models in the framework of the classical test theory are the classical 
test model, the poisson model and the binomial-error model (see, for example, 
Gulliksen, 1950; Lord & Novick, 1968; Crocker & Algina, 1986). In addition, the 
generalization theory can be considered as an important extension of classiceli test 
theory (Cronbach, Nanda, & Rajaratnam, 1972). The most popular models in the 
framework of item response theory Eire the one-, two-, and three-parameter logistic 
model, but other models such a s the partial credit model and the rating scale 
model are available (see, for example, Rasch, 1960; Lord, 1980, Hambleton, 
Swaminathan, 1985; Van der Linden and Hambleton, 1997). Here, the basic 
concepts of the two frameworks will be discussed on the basis of the classical test 
model and the one-parameter logistic model of Rasch (1960). 
12 
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The classical test model describes how errors of measurement can influence 
observed scores. The model links the observable test score for an examinee (X) to 
the sum of two unobservable variables: the true score (7) and the error score (£): 
(1.1) X=T+E 
Because there are two unknowns in these equation, the equation cannot be solved 
without further assumptions. The classical test model assumes that (a) true scores 
and error scores obtained by a population of examinees on one test are 
uncorrelated: pre = 0, (b) error scores on two different tests are uncorrelated: p(Ei, 
Eh) = 0, and (c) the expected error score in the population of examinees is zero: 
E = 0. The true score for an examinee, thus, is the difference between the test 
score and the error score. Furthermore, it can be shown that the true score is the 
expected test score over parallel test forms. That is, the true score is the expected 
test score an examinee would obtain if taken an infinite number of tests which 
measure the same content, for which the examinee has the same true score, and 
where the sizes of the errors of measurement across tests are equal. Obviously, it is 
practically impossible to determine the true score for an examinee by administering 
an infinite number of tests under exactly the same conditions. Procedures such as 
the split-half and coefficient-alpha-method have therefore been developed in order 
to be able to say something about the mean size of the error of measurement in a 
specific population of examinees (see, for example, Crocker & Algina, 1986; 
Hopkins, 1998). 
Test statistics that represent measurement error, and item statistics that 
represent item difficulty (i.e., proportion correct) and item discriminating power 
(i.e., point biserial correlation) form the cornerstone of most analyses within the 
framework of classical test theory. The statistics are defined in a conceptually 
straightforward way and have proved valuable for test construction (see, for 
example, Henrysson, 1971; Millman & Greene, 1989). An important and 
fundamental shortcoming of the mentioned statistics, however, is that they are 
dependent on the examinee sample from which they are obtained; That is, they 
describe a test or item characteristic in relation to a particular population. For 
measurement precision this means that the same test will prove more reliable as 
the variance of the ability in the sample population in which the test is 
administered becomes larger. For item difficulty indices this means that higher 
values are obtained in samples of above-average ability and lower values in 
samples of below average-ability. Finally, for item discrimination indices this 
means that higher values are obtained from heterogeneous samples and lower 
values from homogeneous samples (cf. Fischer, 1974; Samejima, 1994). As a 
13 
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consequence, the statistics lose utility in s i tuat ions t h a t samples are not 
representative for the population for whom the test is being developed. 
A second, related shortcoming of classical test theory applications is that test 
scores of examinees fully depend on the selection of i tems administered. Examinees 
will obtain lower scores on tests with m a n y difficult i tems a n d higher scores on test 
with many easy items. This s o u n d s logical, but the ability for a n examinee at a 
part icular point in time is, in fact, c o n s t a n t over any test that might be built to 
m e a s u r e the ability of interest. In case the same selection of items is administered 
in a clearly defined population, the test dependency of scores does not have to be a 
problem: all scores can be interpreted in the same m a n n e r and a higher score 
simply indicates a higher ability t h a n a lower score. Constra ints of measurement 
practice, however, frequently necessitate examinees from a single population to be 
compared using results obtained from different tests . In addition, the monitoring of 
learning progress calls for the u s e of different tests because (a) the administration 
of the same test at subsequent occasions of m e a s u r e m e n t gives rise to memory 
effects, and (b) the construction of a test t h a t is suitable for all different grade 
levels is virtually impossible. It is meaningless, however, to interpret scores 
obtained on different follow-up tests in terms of progress or development in case 
ability cannot be separated from test difficulty. Similarly, it is meaningless in 
classical test theory applications to compare scores for examinees if they are 
administered different tests . 
Item response theory a t tempts to address the main shortcomings of classical 
test theory. Within item response theory it is the concept or latent ability of interest 
t h a t forms the central approach instead of the t rue score on a particular test. It is 
a s s u m e d that the ability of a n examinee - generally denoted a s θ - is not limited (-00 
< θ < αο) and that items provide information on the ability of the examinee. The 
relationship between the latent ability on the one h a n d a n d the responses to the 
items on the other h a n d is defined in a so-called item characterist ic function which 
represents the probability of a correct response to item j a s a function of ability Θ. 
The characterist ics and the course of the item characterist ic function are specified 
in a n u m b e r of requirements: (a) the probability of a correct response m u s t lie 
between 0 and 1, (b) the function m u s t be cont inuous, a n d (c) the function m u s t be 
strictly increasing within Θ. Although a large n u m b e r of functions is excluded by 
these requirements, there are still m a n y functions left that meet the requirements. 
By choosing one specific function, the theory can be curtailed to one special case 
which is called a n item response model. 
The item response function for the Rasch model is a logistic function which 
can be given by the following equation: 
14 
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6χρ[θ-β ; ] (1.2) ρ,(θ) = ρ(Χ, = 1 | θ ) =
 [ Q « , 7 = 1,2,...,^ 
l + e x p [ e - ß j 
where Ρ;(θ) is the probability that a randomly chosen examinee with ability θ 
answers item j correctly, β; is a number that characterizes item j , η is the number 
of items in the test, and "exp" is a transcendental number with value 2.718. It can 
be checked that function ρ^θ) always lies between 0 and 1 and that pjfB) equals 0.5 
if the ability is identical to β/. The value for ßj can therefore also be interpreted as 
the amount of ability required for an examinee to have a 50 percent chance of 
getting an item right. Figure 1.1 presents two different Rasch item response 
functions. As can be seen, for item 2 more ability is required to have that chance 
than for item 1. Parameter ßj, thus, essentially reflects the difficulty for item j or, 
more formally, the position of the item characteristic curve in relation to the ability 
scale. For this reason, literature generally refers to β/ as the difficulty or location 
parameter for item j . Figure 1.1 further shows the curves for item 1 and item 2 to 
have an identical form. This means that the two curves will never cross and that 
the chance of getting item 1 right will always be larger than the chance of getting 
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Fig 1.1. Two Rasch item response functions. 
Equation 1.2 describes the behavior for an examinee with ability θ on one 
single item. This is not sufficient, however, to characterize the Rasch and other 
item response models adequately. It is necessary to define behavior when more 
items are administered. The first assumption typical for item response models 
concerns the dimensional structure of the test. Like many other item response 
models, the Rasch model assumes the presence of a dominant component or factor 
item 
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that influences test performance. The items that make u p the test are t h u s 
a s s u m e d to be related to the s a m e underlying ability in the same m a n n e r . The 
second assumpt ion typical for item response models concerns the mathematical 
relationship between item responses . The assumpt ion of local independence states 
that the responses of an examinee with a fixed ability to any pair of items are 
statistically independent . Suppose that four items of equal difficulty are 
administered to two persons with the same ability. After administrat ion of the first 
three items, we see that the first person h a s given three right responses and the 
second person three wrong responses . In view of the item responses, it seems 
reasonable to a s s u m e that the first person h a s a greater chance on getting the 
fourth item right t h a n the second person. When the Rasch-model holds, however, 
the chance of getting a n item right only depends on ability a n d item difficulty, and 
these are equal in the given si tuation. The probabilities m u s t t h u s be equal as well. 
Knowledge of the responses to the other items does not change that probability. 
This reasoning does not follow automatically from equation 1.2, a n d therefore, it is 
added as an independent property which can be presented mathematically as : 
(1.3) pIX,, X,2,..., Χη\θ) = ρΙΧ,ΙΘ) ρ(Χ2|θ)... ρ(Χπ|θ) = Π Ρ ( Χ , | Θ ) 
J = l 
One of the most important differences between classical test theory and item 
response theory is probably related to the property of invariance of item and ability 
parameters in item response models. The property of item invariance involves the 
parameters that characterize an item to be independent of the ability distribution 
of the group of examinees t h a t was used to estimate the item parameters . When an 
item response model holds for a set of items, that is, the same item response 
functions are obtained in each possible sample of examinees. The property of 
ability invariance involves the parameter t h a t characterizes a n examinee to be 
independent of the set of items in the test. This property allows comparison of test 
results for different examinees regardless of the items that have been administered 
as long the items were selected from a proper item response theory calibrated item 
bank. The property of invariance of item and ability parameters is generally 
considered as one of the major s trengths of item response theory because it 
provides a high degree of flexibility. It becomes possible, for instance, to predict 
how a n examinee or a group of examinees will perform on a given test item. Test 
developers have hence the possibility to design tests with specific characteristics 
for different populations of examinees. 
A further dist inguishing feature of item response theory is related to the 
m a n n e r in which m e a s u r e m e n t precision is defined. Unlike classical test models, 
16 
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item response models do not assume a constant reliability for the entire range of 
ability. Item response theory uses the statistical concept "information" to specify 
reliability locally. The information function for an item expresses the contribution 
that the item can make to the precision of the measurement across the range of 
ability. In the Rasch model, the information for an item (lj\ is given as: 
(1.4) Ι,(θ) = ρ,(θ)[1-ρ,{θ)] 
where ρ>(θ) has the same form as in equation 1.2. The information for a test can be 
derived by summing the relevant item information functions: 
(1.5) Ι(θ) = Σΐ,(θ) 
J-i 
On the basis of the test information function it is subsequently possible to compute 
the standard error for an individual ability estimate: 
(1.6) SE(ë) = -^= 
The function of the standard error of measurement in item response theory is the 
same as in classical test theory. But whereas the standard error in classical test 
theory is assumed to be constant for all test scores, the standard error in item 
response theory is allowed to vary with ability. 
The importance of having information on the precision of the measurement at 
the level of the individual becomes clear when we consider an examinee who 
obtains the minimum score on a test. Such a score shows the ability of the 
examinee to be low, but provides no precise information on how low. In the 
situation that the examinee gets some items right and wrong, on the other hand, 
information is provided on what the examinee can and cannot do. The test score 
will thus give a more precise measure of ability than in case of the minimum score. 
Test scores will therefore always be unequally precise measures for examinees of 
different ability, and in this respect the classical test theory assumption of equal 
errors of measurement for all examinees is rather unrealistic (Lord, 1984). In 
addition, it is the question how test scores for different examinees can reasonably 
be compared if it are not equally precise measures of ability and information at the 
level of the individual misses. Within the framework of classical test theory it is 
17 
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certainly not an option to match test difficulty to the approximate ability levels of 
examinees because scores obtained on different tests are not comparable. 
In view of the properties of classical test theory and item response theory, it 
becomes clear tha t more complex measurement applications like pupil monitoring 
call for a measurement model which is derived from item response theory. Apart 
from the fact that item response models are falsifiable, it is obvious that many of 
the potential measurement problems in pupil monitoring can be solved by 
application of an item response model. As indicated, item characteristics apply to 
all persons irrespective of the group to which they belong. Test results for different 
examinees can be compared on the same scale regardless of the items that have 
been administered. And the precision of the individual ability scores can be taken 
into consideration in the interpretation of test results. This preference for the use 
of item response theory in monitoring applications, however, is certainly not a 
general rejection of the use of classical test theory. If an ability is tested in a clearly 
defined population at only one occasion with a fixed test, for example, application 
of classical test theory may have the preference. The mathematical analyses of 
classical test models are m u c h simpler and conceptually straightforward. The 
analyses do not require strict goodness-of-fit s tudies to ensure good fit of the model 
to the test data . And the analyses within the framework of classical test theory, 
moreover, require much smaller sample sizes than item response theory analyses. 
1.2.2. Selection of the growth model 
The selection of the growth model can be considered as a second important choice 
in pupil monitoring applications. Measurement models like the classical test model 
and the Rasch model are static models; That is, they describe the relationship 
between the measurement result and the ability to measure at a single occasion. 
However, in a longitudinal s tudy we have measurement results of a single person 
in relation to a part icular at t r ibute on more than one occasion. Application of a 
static model on longitudinal da ta resul ts in a number of random indications of the 
at tr ibute of interest without taking into account that the measurements bear upon 
the same person. The different measurement occasions in time, thus , are 
considered separately and the longitudinal data is modelled cross-sectionally. 
Models which describe the measurement of a single person on more than one 
occasion are commonly referred to as dynamic or t ime-dependent models. The 
distinguishing feature of dynamic models relative to static models is that dynamic 
models relate the different measurements in time explicitly, whereas static models 
do not. It may be clear that any longitudinal study calls for a dynamic approach. In 
addition to a measurement model which accounts for the validity and equatability 
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of longitudinal measurement results , a suitable longitudinal model should 
therefore also be selected. A wide array of statistical methodologies has been 
proposed for the analyses of longitudinal da ta (Bryk & Raudenbush , 1992; 
Goldstein, 1987; Laird & Ware, 1982; Longford, 1993). There are two frameworks, 
however, which have received particular at tention in the social and behavioral 
sciences: (a) the latent trajectory model and (b) the autoregressive model. 
Latent trajectory models focus on the trajectory of change for each individual 
over the time period that the data cover. The observed repeated measures are used 
to estimate a single underlying growth trajectory for each person across all time 
points (McArdle, 1988; McArdle & Epstein, 1987; Meredith & Tisak, 1990; Muthén, 
1991). The technique can be applied to get a description of the mean growth over 
time, bu t its emphas i s lies in the explanation of interindividual differences in 
developmental change. The latent trajectory model for a set of repeated measures 
on construct θ a t time ί (2, 3, ..., Τ) is given by: 
(1-7) θ,„ =λο 1 ηο„+λ. 1 ηι„ + ε , π 
(1.8) η°„ = μ ^ + ζ ^ 
(1-9) η . „ = μ
η ι
+ ζ
η ΐ η 
where ηο represents the initial level parameter (i.e., intercept) for individual n, ηι 
represents the growth rate parameter (i.e., slope) for individual n, and zt is a time-
specific residual. The p
n
o a n d μηι in equations 8 a n d 9 represent the mean intercept 
and slope across all persons while ζηο a n d ζηι represent the individual variability 
around the mean intercept a n d mean slope with expectation 0 a n d variance Ψ
η
ο 
and Ψηι, respectively. Time is introduced by the factor loadings Aot and Ait. If we set 
Aot = 1 and λκ = ί - 1 for all t we obtain the commonly u s e d linear trajectory model. 
Nonlinear trajectories can be estimated by the addition of separate polynomial 
growth rate parameter s or by us ing a different coding for λκ. Figure 1.2 shows a 
graphical representat ion of the linear trajectory model for four waves of data . As 
can be seen, the model provides a s u m m a r y of all observed individual growth 
curves via the m e a n s and variances for the latent factors. It is possible to 
determine a specific individual's level and growth rate via factor score est imation. 
Autoregressive models consider change over time in te rms of each variable 
depending on its immediately prior value. That is, the observation at time 2 is 
considered dependent on the observation at time 1, and in t u r n , the observation at 
time 3 is considered dependent on the observation at t ime 2, and so forth 
(Humphreys, 1960; Heise, 1969; Wiley & Wiley, 1970; Jöreskog, 1970; Werts, Linn, 
& Jöreskog, 1978). The typical property of an autoregressive s t ruc ture is that the 
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sizes of correlations between test results collected at adjacent time-points are large 
a n d steadily decrease as a function of the n u m b e r of intervening time-points. In 
most cases, autoregressive models include m e a s u r e m e n t error in the observed 
variables such that autoregressive s t ructures can be built in latent variables. The 
observed variables for individual η at time t (9t, n) are related to their corresponding 
latent variables (r\t. n) and m e a s u r e m e n t error (εί, η) in the following manner : 




The autoregressive s t ructure of the latent variables is then given as: 
(1-11) I, „ =v, + δ
Μ
 ,η,-,π+ζ,,π 
where vt can be interpreted as a n intercept term, δ(, t i a s the regression coefficient 
of η« on ηι ι, ζι, π as a d is turbance variable with expectation 0 and variance Ψί, a n d 
ηι = ζι at the s tar t of the time series. Figure 1.3 shows a graphical representation of 
the autoregressive model for four waves of data. As can be seen, the autoregressive 
s t ructure is built in latent variables such that the autoregressive parameters (5(, M) 
represent the true effects of prior values (r|t i) on current values (r|i). The 









Fig 1.2. Latent trajectory model for a f our occasion measure. 
Figure 1.2 and 1.3 show the latent trajectory and autoregressive model to 
represent fundamentally different conceptions about the underlying developmental 
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process. Whereas the latent trajectory model focuses on individual differences in 
trajectories over time, the autoregressive model gives primacy to lagged influences 
and fixed effects. Whether the latent trajectory or autoregressive model must be 
preferred for the analysis of longitudinal data is a matter of dispute. Rogosa, 
Brandt and Zimowski (1982) have recommended the latent trajectory model and 
claimed the repeated measures for individual η on ί regression functions to be the 
key initial summary of the data. Others have argued the autoregressive model to be 
the optimal modeling technique for studying stability and change in developmental 
applications (e.g., Jöreskog, 1979; Schaie fit Hertzog, 1985). Bast and Reitsma 
(1997) have compared the two approaches explicitly and have discussed the 
differences on the basis of theoretical and empirical arguments. From theoretical 
point of view, the latent trajectory model was found particularly suited to examine 
whether a developmental process can be characterized by a stable rank ordering of 
individuals. The autoregressive model, in contrast, was found particularly suited to 
examine whether different factors affect interindividual variance at different times. 
Empirical considerations favored the autoregressive model rather than the latent 
















Fig 1.3. First-order autoregressive model for a four occasion measure. 
Bollen and Curran (2004) have questioned the presentation of the two analytic 
frameworks as being in competition with one another. Both models have appealing 
intuitive characteristics and both conceptions about the nature of the underlying 
developmental process can be empirically or theoretically plausible. It is even 
possible that both types of development occur simultaneously. For this reason, 
they have proposed a hybrid framework which allows for the simultaneous 
estimation of both autoregressive and latent trajectory components of stability and 
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change within a single model. The autoregressive latent trajectory model for a set of 
repeated m e a s u r e s on construct θ at time ί is given as 
(112) Θ, „ = λο,ηο
η
 + λ,,η.„ + δ, , ,θ,, „ + ε, „ 
(113) η ο ^ μ ^ + ζ ^ 
(1.14) η . „ = μ
η ι
+ ζ
η ΐ ; ι 
As can be seen, the autoregressive latent trajectory model incorporates the key 
elements from the s tandard latent trajectory and autoregressive model From the 
latent trajectory model it includes the random intercept (ηο) a n d random slope 
factors (ηι) to capture the fixed and random effects of the underlying trajectones 
over time From the autoregressive model it includes the s tandard fixed 
autoregressive parameter s (δί, < ι) to capture the time specific influences between 
the repeated m e a s u r e s themselves Figure 1 4 shows a graphical representat ion of 
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Fig 1.4. Autoregresswe latent trajectory model for a four occasion measure 
It is not clear yet how the developmental processes of reading and spelling 
should be treated There are studies in which the autoregressive model was found 
able to reproduce the characterist ics of the data (e g , Bast & Reitsma, 1997, 1998; 
Caravolas, Hulme, & Snowlmg, 2 0 0 1 ; Butler, Marsh, Sheppard, & Sheppard, 
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1985), but developmental theories also suggest differential trajectories over time. 
The Matthew effect model, for example, predicts that children who perform best 
initially improve their skills at a faster rate than children who do not perform as 
well (Merton, 1968; Stanovich, 1986). The autoregressive latent trajectory growth 
modeling strategy as proposed by Bollen and Curran (2004) is particularly well-
suited to examine whether the developmental processes of reading and spelling can 
be treated as either autoregressive or as latent curve with individual specific 
parameters or whether both processes are simultaneously operating. By testing 
different forms of the autoregressive latent trajectory model, that is, it becomes 
possible to empirically determine which type of longitudinal model is most suited to 
describe children's reading and spelling development across elementary education. 
1.3. The present thesis 
This thesis focuses on the monitoring of children's growth in word-reading and 
spelling. The measurement and growth model are critical in any monitoring 
application, but for the present purpose, we are also in need of an adequate and 
meaningful operationalization of Dutch reading and spelling. The operationalization 
of the ability to measure essentially involves the specification of the content of the 
test. A table of specifications ensures that a test has a proper balance of emphasis 
and it will guide the test developer as blueprints and specifications guide the 
building contractor (Hopkins, 1998). In its simplest form, a table of specifications is 
a list of subjects that should be included in a test. It is valuable, however, not only 
to take the various subjects in mind, but also, at least roughly, the relative amount 
of emphasis on each subject by indicating the number of test questions to be 
associated with each subject or capability (Oosterhof, 1994). In order to analyse the 
abilities of word-reading and spelling in such a manner that it becomes clear which 
aspects can be distinguished within each ability, the specific characteristics of 
Dutch orthography should be established. Recent descriptions of Dutch 
orthography can be found in, for instance, Bosman, de Graaff, and Gijsel (2006) or 
Nunn (1998). 
1.3.1. Operationalization of Dutch reading and spelling 
The Dutch language uses the 26 letters of the Roman alphabet (i.e., A, B, C, D, E, 
F, G, H, I, J, K, L, M, N, O, P, Q, R, S, T, U, V, W, X, Y, Z) to represent 35 native 
Dutch phonemes. The native Dutch phonemes can be divided into 19 consonants 
and 16 vowels. The consonants comprise 5 plosives: / p / pan [pan] / b / beter 
[be:tor]; / t / tof [tof]; / d / diep [di:p]; / k / kat [kat], 7 fricatives: /f/ feest [fe:st]; / v / 
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veerboot [ve:rbo:t]; /s/ was [was]; /ζ/ zoet [zut]; /χ/ dag [dox]; /γ/ geven [γε:ν3(η)]; 
/h/ haast [ha:st], 3 nasals: / η / nut [nat]; /m/ maan [ma:n]; /q/ lang [Ιοη]; 2 
liquids: /!/ liefde [li:fdo]; /r/ rijm [reim], and 2 glides: /w/ water [wa:t3r]; / j/ ja 
[ja:]. The vowels comprise 5 short vowels: /ι/ pittig [pitax]; /ε/ ketting [ketii]]; /α/ 
plat [plat]; /D/ bom [bom]; /as/ zucht [zŒXt], 7 long vowels: / i / fiets [fi:ts]; / y / muur 
[my:r]; / e / alleen [ale:n]; / a / raam [ra:m]; / o / boven [bo:vo(n)]; / e / leunen 
[l0:n3(n)]; / u / moeten [mutofn)], 3 diphthongs: /ti/ eiland [eilont]; /aj/ geluid 
[YolcEyt]; / au / kous [kaus]; and the schwa: /a/ moeder [mudar]. In addition to the 
35 native phonemes, there are some phonemes in the Dutch language of which the 
status is a matter of dispute. First, there are phonemes which are derived from 
another language, such as / g / goal [go:l]; /ε:/ gêne [3ε:ηο]; and /a:/ zone [zo:no]. 
Second, there are the so-called semi-diphthongs which appear in words like 
"sneeiiw", "nieuw", "haaf, "koof, and "boef. These are generally analyzed as a 
combination of a long vowel plus glide; That is, [sne:w], [ni:w], [ha:j], [ko:j], and 
[bu:j], respectively. The native Dutch graphemes comprise 23 monographs: /a/, 
/e/, /i/, /o/, /u/, /ij/, /b/, /d/, /f/, /g/, /h/, / j / , /k/, /!/, /m/, /n/, /p/, /r/, 
/s/, /t/, /v/, /w/, /z/; 14 digraphs: /aa/, /ee/, /oo/, /uu/, /ie/, /oe/, /ei/, 
/ui/, /au/, /ou/, /eu/, /ng/, /uw/, /eh/; and 2 trigraphs: /ouw/, /auw/. 
In the Dutch language there is an asymmetry between sound-to-spelling and 
spelling-to-sound consistency. Dutch grapheme-to-phoneme associations, that is, 
appear to be more consistent than phoneme-to-grapheme associations. The 
relationships between spoken and written Dutch can be described by a number of 
principles (see Bosman, de Graaff, da Gijsel, 2006; Nunn, 1998). A distinction can 
be made between marked and unmarked word spellings (Kleinen, 1992). In 
unmarked word spellings, the manner of writing is fully determined by the 
relationships between phonemes and graphemes. The phonemes are represented 
by graphemes in the correct order and spelling can fully occur from hearing (see 
also Cohen & Kraak, 1972). In marked word spellings, the manner of writing is 
determined by other principles than the phonetic. Word spellings can be marked by 
morphology, etymology, context, syntax, or semantics (cf. Kleinen, 1992). In this 
classification, syntactically and semantically marked words occupy a special 
position relative to the other three types of spelling as they represent syntactic or 
semantic information, or prosodie structure, rather than sounds (Booij, 1987; 
1995). For instance, capitals mark names or the beginning of sentences, spaces 
delimit grammatical words and punctuation indicates syntactic and prosodie 
constituents. Similarly, the realizations of the linking morpheme in compounds 
involves purely semantic information (cf. Nunn, 1998). Only words which are 
marked by morphology, etymology, or context will be involved in the present thesis 
in addition to words which are unmarked. 
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In morphologically marked words, the principle of uniformity and analogy is 
determinative for the manner of writing (cf. Cohen & Kraak, 1972; Nunn, 1998). 
Similar words, stems, prefixes or suffixes are written equally as much as possible. 
In the Dutch word "goed" [xut], for example, we hear a [t], but we write a /d/ 
because we hear [d] in "goede" [xuda]. Similarly, in "actie" [aksi:] we do no write an 
/s/, but a /t/ because of "actief" [akti:f]. In addition, those words that are formed 
in an analogous manner must also be written in an analogous manner. The word 
"grootte" is pronounced as [xro:t3], but we do write /oo/ because it is formed in the 
same manner as "dikte" [dikta] and "hoogte" [horxta]. Some exceptions do 
nevertheless apply to the principles of uniformity and analogy. The /v/ and /z/ 
that should be written at the end of an open syllable, for instance, are replaced by 
/f/ and /s/ (e.g., "leeftijd" vs. "leven"). The phonemes [t] and [s] are not always 
written as /d/ and /z/ but also as /t/ and /s/ just because of pronunciation (e.g., 
"beeltenis" vs. "beelden"). And a consonant at the end of a word is also not doubled 
(e.g., "gezet" instead of "gezett"). 
In etymologically marked words, the older form of the word is determinative for 
the manner of writing. The principle has mainly been introduced to protect existing 
spelling practices and to avoid the occurrence of homophones (Booij, Hamans, 
Verhoeven, Balk, & Van Minnen, 1979). The spelling of [ει] and [au] in native Dutch 
words, for instance, is subject to the principle of etymology. In "hij zei" [hei ζει] we 
hear two times the same [ει], but we do write /ij/ and /ei/ because the sounds 
used to differ. The same principle counts for the words "rouw" and "rauw", which 
are both pronounced as [rauw]. Other etymological spellings concern the spelling of 
[o] as /i/ or /ij/ in words like "bezig" [be:z3x] and "vrolijk" [vro:bk], or the 
exceptional spellings of words like "erwt" [εΓΐ] and "ambt" [amt] in which the 
boldfaced letters are silent (cf. Nunn, 1998). The principle of etymology also 
accounts for the spelling of many loan words. Words with the long vowel [i:], for 
example, are often marked by etymology: it is "taxi" [toksi:] instead of "taxie" and 
"liter" [li:t3r] instead of "lieter". Since the spelling of etymologically marked words is 
highly unpredictable (e.g., [ei] and [au]), etymological spellings often have to be 
memorized. 
In contextually marked words, autonomous context-sensitive spelling rules are 
determinative for the manner of writing. Spelling rules can be considered as 
formalized rewrite rules that translate phonemes into graphemes or modify 
grapheme sequences. They can formulate conditions on both the phonological and 
orthographical context (Nunn, 1998). The consonant doubling rule, for instance, 
prescribes that a consonant between two vowels must be doubled if the first vowel 
is short. The Dutch word "mug" [mcEx], for example, becomes "muggen" [mŒxafn)] in 
plural form because the first vowel is short. The consonant doubling rules provides 
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an u n a m b i g u o u s spelling (cf. Wester, 1985) in that it e n s u r e s t h a t the short vowel 
remains short in plural form and that it does not become [my:x3(n)]. Another 
example of a n a u t o n o m o u s context-sensitive spelling rule is the vowel reduction 
rule. The vowel reduction rule prescribes that the long vowels [a:], [e:], [o:], and [y:] 
- which are normally represented by double letters in written form - reduce to a 
singular letter in open syllables. The Dutch word " raam" [ra:m], for example, is a 
monosyllabic word which contains the long vowel [a:] which m u s t be spelled as 
/ a a / . The plural version of " raam" - " ramen" [rarmofn)] - still contains a long 
vowel, but [a:] m u s t nevertheless be spelled as /a/ because " ramen" is a bisyllabic 
word with an open syllable. There are m a n y exceptions to the vowel reduction rule, 
however. If the long vowels [a:], [e:], [o:], and [y:] are followed by the suffix "-tje", "-
aard" or "-achtig", for instance, the syllable is considered closed, and if the long 
vowel [e:] is positioned at the end of a word, it m u s t sometimes be written as fee/ 
instead of / e / . 
The above-presented description of Dutch orthography provides a good basis 
to develop specification tables for word-reading a n d spelling. Appendices A and Β 
present a possible content specification for Dutch reading and Dutch spelling, 
respectively. Both specifications reflect the main characteristics of Dutch 
orthography but from different perspectives. Whereas certain phoneme-grapheme 
associations in Dutch orthography may confront speller with particular difficulties 
(e.g., /ij/ vs. /ei.), the same associations do not have to be problematic from the 
perspective of the reader because of equal pronunciat ion. This means that a 
content specification for reading can be less detailed t h a n for spelling because not 
all regularities and irregularities of the Dutch language have to be included 
explicitly. Another difference between the content specification for reading and the 
content specification for spelling concerns the classification in main categories. The 
main categories for spelling can be derived directly from the basic principles of 
Dutch spelling; That is, phonetic, analogy-based, rule-based, and visual-imprint. 
For reading, however, it is advantageous to choose a classification which is based 
on word length (see, for example, Aghababian a n d Nazir, 2000; Ferrand, 2000). In 
t h a t case, the specification could include the following main categories: 
phonologically t ransparent monosyllabic, phonologically irregular monosyllabic, 
bisyllabic, polysyllabic, and non-native. 
1.3.2. Research questions and overview 
Several issues in relation to the monitoring of Dutch reading and spelling growth 
will be addressed in this thesis. The development of m e a s u r e s for word-reading and 
spelling ability s tands centred in Chapter 2. Different methods for testing children's 
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reading and spelling abilities will be discussed and it will be investigated whether 
item response theory provides a suitable framework to assess children's reading 
and spelling abilities and to track down problems in the area of literacy. Two issues 
will be of particular interest. First, the dimensionality of the abilities of word-
reading and spelling will be examined as application of item response theory 
requires the identification of the test data's dimensionality (see section 1.2.1). 
Second, the quality of the measures for word-reading and spelling ability will be 
explored. Do the measures provide accurate estimates of children's reading and 
spelling ability, and are the measures sufficiently sensitive to children's growth in 
word-reading and spelling across elementary education? The content specifications 
for reading and spelling as presented in appendices A and Β will provide the basis 
for the construction of the measures for word-reading and spelling. 
As distinct from Chapter 2, the third and fourth chapter of this thesis have a 
more theoretical orientation. The chapters focus on the dimensional structure of 
word-reading and spelling development in perspective of stage (e.g., Frith 1985; 
Ehri 1992, 2005) and non-stage models (e.g., Siegler, 2000). Can the development 
of word-reading and spelling ability during the elementary education period be 
conceptualized as a unidimensional and continuous learning phenomenon? 
According to the stage model, the development of reading and spelling ability 
should be conceptualized as a discontinuous and multidimensional process, 
reflecting instant developmental changes in knowledge and strategy use. According 
to the non-stage model, in contrast, the development of reading and spelling ability 
involves only gradual improvements in knowledge and strategies and should 
therefore be of a continuous and unidimensional nature. In addition to the 
dimensional structure of reading and spelling growth, Chapter 3 and Chapter 4 
address a related issue regarding children's rate of developmental change in 
reading and spelling throughout elementary education and its relationship with the 
background variables of gender, ethnicity, and home language. 
Chapter 5 presents a growth model for word-reading and spelling development 
across the elementary education period. The developmental processes of reading 
and spelling will initially be considered independently, but the degree of 
interdependency between both developmental processes will also be examined. The 
framework of the autoregressive latent trajectory model will be used to address the 
following questions: To what extent axe autoregressive and latent curve processes 
operative in the development of word-reading and spelling ability? And to what 
extent are word-reading and spelling ability developmentally related? The ability 
scales for word-reading and spelling as developed in Chapter 2, and as empirically 
and theoretically validated in Chapter 3 and Chapter 4, provide the basis for the 
modeling of children's growth in reading and spelling. The findings will be 
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discussed in perspective of the developmental models of Frith (1985) and Ehri 
(1992, 1997, 2005). The resul ts will also be linked to uni tary connectionists (e.g., 
Plaut & Booth, 2000; Plaut, McClelland, Seidenberg, & Patterson, 1996; Van 
Orden, Pennington, & Stone, 1990) and dual-route models (e.g., Coltheart, Curtis, 
Atkins, & Haller, 1993; Coltheart et al., 2001 ; Paap & Noel, 1991) of reading and 
spelling. 
Finally, in Chapter 6 the resul ts of this thesis are discussed in perspective of 
theory and practice. First, the key findings of the different chapters will be 
summarized and it will be indicated how the presented resul ts with regard to the 
monitoring of growth in reading and spelling can contribute to the theoretical 
conceptualization of literacy acquisition. Second, two examples will be given to 
illustrate how the item response theory-based measures for reading and spelling 
and the growth models as developed throughout the present thesis could be used 
in educational practice. The one example relates to adaptive testing and the other 
to the screening for reading problems on the basis of growth curves. The last part 
of Chapter 6 is devoted to the limitations of this thesis and the issues that may be 
addressed in subsequent research on reading a n d / o r spelling development. 
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Specification content domain word reading 



















Monosyllabic phonologically t r a n s p a r e n t 
l a 10 VC, CV, or CVC words with the vowels: i-[i], a-[a], ε-[ε], ο φ ] , U-[Œ], ie-[i:], 
aa-[a:], ee-[e:], oo-[o:], uu-[y:], eu-[0:], oe-[u], ui-[Œy), ou-[au], au-[au], ij-
[ei], ei-[Ei], and the consonants : p-[p|, b-fb), t-[t], d-[d], k-[k], f-[f|, v-[v], s-
[s], z-[z], g-[xory] , h-[h|, n-[n], m-[m], 1-[1], r-[r], w-|w],j-|j], ouw-[auw|, 
auw-[auw] 
l b 5 CVCC, and CCVC words with the vowels: i-[i], a-[a|, ε-[ε], O-[D], U-[Œ), le-
[i:|, aa-(a:], ee-[e:], oo-[o:], uu-[y:], eu-[0:], oe-[u], ui-[ay], ou-[au|, au-[au], 
ij-(Ei], εί-[εί|, and different CC-combinations like / - r p / , / - t s / , / d r - / , and 
/st-/ 
lc 5 CVCCC, CCVCC, and CCCVC words with the vowels: i-|i], a-[a], e-le], ο φ ] , 
U- |Œ] , ie-[i:], aa-[a:], ee-[e:], oo-[o:], uu-[y:], eu-Je:], oe-[u], ui-(<iy], ou-[au], 
au-[au], ij-[£i], ei-[Ei], and different CC-, and CCC-combinations like / s t r - / 
and / - r k t / 
Monosyllabic irregular 
(C)(C)CVC(C)(C) words ending in ng-[r)] or nk-[r)k] 
(C)(C)CVC(C)(C) words ending in uw-[y:w], eeuw-[e:w], ieuw-[i:w], aai-[a:j], 
ooi-[o:j], oei-[u:j] 
(C)(C)CVC(C)(C) words ending in eer-|i:r], oor-[o:r], eur-|ii:r] 
(C)(C)CVC(C)(C) words ending in d-[t], b-[p], or ch-[x] 
Bisyllabic 
Words with two consonants in the middle (e.g., "dokter" [daktor]) 
Words with consonant doubling (p, t, k, c, b, d, f, s, g, 1, r, m, n) 
Words with vowel reduction (aa, ee, oo, uu) 
Words with the prefix be- [ba], ge- [ya], ver- [var] 
Words with the suffix -lijk [tak], -ig [ay] 
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Appendix A continued 
Class % ' Types of words 
Polysyllabic 
4 a 7 Words with consonant doubling (p, t, k, c, b, d, f, s, g, 1, r, m, n) 
4b 7 Words with vowel reduction (aa, ee, oo, uu) 
4c 5 Words with the prefix be [ba], ge- [va], ver (var] 
4d 5 Words with the suffix -hjk [bk], ig [ay] 
Loanwords 
5a 4 Words ending in iaal-[i ja 1], ieel-[i ji 1, eaal-[e ja 1], ueel-[y wi 1] 
5b 12 Words where [i ] is written as /i/ or /y/, [s] as / c / , [p] as / b / , [ƒ] a s / c h / , 
[t| a s / t h / , [ks] as /x/, [k] a s / c / , [o ] a s / e a u / , [ε] a s / a / , [e ] a s / a / , [u] 
as /ou/, IJ] as /g/, [g| a s /g/, [ε ] as / e / , [J ] a s / o / 




Specification content domain spelling 








l a 15 Words with a one-to-one relation between phonemes and graphemes, 
representing the v a n o u s vowels (i e , i-[i], a-[a], ε-[ε|, ο [D], U-[Œ], ie-[i ], aa 
[a ], ee-le ], oo-[o ], uu-[y ], eu-[0 ], oe-[u], ui-[ayj) and consonant(s) 
(clusters) 
Analogy-based 
2a 3 Words with ng [q] or nk-[qk] 
Words with uw-[y w], eeuw [e w], ieuw-[i w], aai-[a j], ooi-[o j] , oei [u j) 
Words with eer-|i r|, oor-[o r], eur-jd r] 
Words with the prefix be- [ba], ge- [γο], ver- [var] 
Words with the suffix -lijk | b k ] , -ig [av] 
Words beginning with sch-[sx or sy] 
2g 2 Words where [3] is written as /g/ 
2h 2 Words ending in eren-[i ran], elen-fabn], enen-fanan) 
2i 2 Words ending in heid-[hEit] 
2j 2 Words ending in tie-[tsi ] 
2k 2 Words ending in er [ar], el-[al] 
21 2 Words ending in isch(e)-[i s (a)] 
Words ending in teit-[tEit] 
2n 2 Words ending in air-[E r] 
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Appendix Β continued 
Class %' Types of words 
Rule-based 
3a 4 Words with vowel reduction (aa, ee, oo, uu) 
3b 4 Words with c o n s o n a n t doubling (p, t, k, c, b, d, Γ, s, g, 1, r, m, n) 
3c 2 Words with ngt [ηΐ] or nkt-[r|kt] 
3d 2 Words with ie-[i 1 
3e 2 Words with a diaeresis 
3f 2 Words ending in d-[t] 
3g 2 Words ending in a long vowel (i e , / a / , / u / , / o / vs /ee/) 
3h 3 Words where |xt] is written as /cht/ 
3i 2 Plural formation in words with an /f/ or /s/ after the open syllable 
3j 3 Plural formation in words ending in /a/ , / i/, / o / , / u / , /y/, /ie/, / e / , 
/ee/ 
3k 2 Diminution in words ending in /a/ , / o / , / u / , /ing/ 
Visual-impnnt 
4a 2 Words with ΐ|-[ει] or ei [ει| 
4 b 2 Words with ou-[au] or au-[au] 
4c 2 Words beginning with /v/ or /Γ/ 
4d 2 Words beginning with /z/ or /s/ 
4e 2 Words with ch-[x] 
4f 2 Words where [i ] is written as /i/ or /y/ 
4g 2 Words where [s] is written as /c/ 
4 h 1 Words where [p] is written as / b / 
4i 1 Words where [ƒ] is written as /ch/ 
4j 1 Words where [t] is written as / t h / 
4k 1 Words where [ks] is written as /x/ 
41 1 Words where [k] is written as / c / 
4 m 1 Words where [o ] is written as /eau/ 
4 n 1 Words where |ε] or [e ] are written as /a/ 
4o 1 Words where [u] is written as /ou/ 
4p 1 Words ending in iaal-[i ja 1], leel [i ji 1), eaal [e j a 1], ueel-[y wi 1] 
Note Relative a m o u n t of emphas i s 
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Screening for word-reading and spelling problems 
in elementary school: An IRTperspective1 
The purpose of the present study was to develop item response theory calibrated 
scales which can be used to screen for word-reading and spelling problems in 
elementary education. Children's reading and spelling abilities were measured by 
means of two computerized tests. In the word-reading test, a progressive de-
masking technique was used to present isolated words on a computer screen. In 
the spelling test, children used the computer keyboard to spell words. First, the 
dimensionality of the word-reading and spelling data was examined. Results 
showed word-reading and spelling ability to be both unidimensional in grades 2 
through 6. Next, the fit of the constructed scales for word-reading and spelling to 
the target population was explored. Reliability analyses showed the scales for word-
reading and spelling to provide accurate estimates of children's abilities at all grade 
levels. Effect-size analysis showed the scales to be sensitive to children's growth in 
word-reading and spelling across grades 2 through 6. The results open up new 
perspectives for the screening for reading and spelling problems and dyslexia. 
1
 The results of this chapter have been published as Keuning, J. & Verhoeven, L (2007). 
Screening for word-reading and spelling problems in elementary school: An Item Response 




Reading and spelling problems usual ly manifest themselves early m the literacy 
development of children Research h a s shown t h a t reading and spelling problems 
are mainly due to problems with the fast recognition of the sound s t ructure of 
words a n d the conversion of letters into their corresponding phonological codes In 
fact, a phonological deficit is often cited as the main cause of developmental 
dyslexia (Badian, 1994, Rack, Snowhng, & Olson, 1992, Vellutino, Scanlon, & 
Speanng, 1995, Vellutino, Fletcher, Snowhng, & Scanlon, 2004, Wagner & 
Torgesen, 1987) In order to reduce reading and spelling delays, it is mandatory to 
diagnose problems a s early as possible and treat t h e m accordingly In order to 
as sess the persistence of reading a n d spelling problems, moreover, children's 
reading and spelling development should be accurately monitored from a n early 
stage (Olson & Gayan, 2 0 0 1 , Vellutino, Scanlon, & Lyon, 2000) 
Several procedures for the as sessment of word-reading ability have been 
proposed in the l i terature One well-known procedure is lexical-decision (Van Bon, 
Hoevenaars, & Jongeneelen, 2004) In a lexical-decision task, word forms are 
presented one-by-one and the child is asked to decide whether a form refers to an 
existing word or not Another frequently used procedure is to have the child read 
aloud as many words from a list as possible within a given period of time Both 
procedures, however, have the drawback that basic information about reading 
speed on word level gets lost Therefore, alternative procedures to present isolated 
words on a computer screen είτε proposed as well Characterist ic for the suggested 
procedures (e g , Bijeljac-Babic et al , 2004, Grainger, Carreiras, & Perca, 2000, 
Perry & Ziegler, 2002, Grainger & Segui, 1990) is t h a t the words aire only briefly 
visible on the screen a n d more or less directly masked The children are st imulated 
to decode the words as fast as possible, and the reading speed for each of the 
words is measured 
Children's spelling ability is often assessed by saying a word clearly out loud 
a n d then having the child write it down on paper An alternative procedure to test 
children's spelling ability is to present the words via the computer and then having 
the child spell it with the computer keyboard An important benefit of computer-
based testing in comparison with paper-based testing is the possibility of tailoring 
the test to the child's level of ability (see, for example, Eggen, 2004, Thissen & 
Mislevy, 2000) However, it is not as yet clear that performances on a computer-
based spelling test are equivalent to performances on a paper-based spelling test It 
is very possible that the mode of delivery introduces item or test bias The 
administrat ion condition might affect children's spelling performance as having to 
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type on a keyboard makes all of the letter representations for a particular language 
available to the children, but conversely, a lack of typing automaticity may refrain 
children from using this advantage 
2.1.1. Measurement problems 
As already mentioned, assessing and monitoring children from the early stages of 
elementary school is critical for the successful diagnosis and treatment of word-
reading and spelling problems The quantification of individual growth or, more 
generally, the measurement of change or the monitoring of learning results, may 
not be entirely free of problems, however (cf Cronbach & Furby, 1970) A first 
problem is related to the question of how to measure latent abilities such as word-
reading and spelling over time The use of one and the same test at follow-ups is, in 
fact, not an option Apart from the question of whether the same test can be 
administered twice to the same person, it may simply not be meaningful to use the 
same test in the lower and upper elementary school grades because of large 
differences in ability A range of tests is thus needed to adequately measure word-
reading or spelling ability, but the different follow-up tests must first be shown to 
measure the same underlying ability Furthermore, it must also be determined how 
the results of different follow-up tests can be properly compared A second problem 
involved is related to the typical unreliability of individual measurement results 
Not so much in group comparisons, but especially on the individual level The 
standard error of measurement m classical test theory (see Crocker & Algina, 1986) 
can serve as example If we use the standard error of measurement to compute 
confidence intervals for a child's test results at two different points in time, we 
often see that the intervals largely overlap In these circumstances, there is 
statistically no difference or progress 
Reading and spelling research is often restricted to measurement of growth 
within a single grade using only one test The difference between two test scores is 
then taken as the starting point for the assessment of growth Difference scores are 
mostly determined with a model from classical test theory, but the use of such a 
model for the assessment of growth is problematic Item and ability parameters, for 
instance, are not invariant in classical test theory, which means that the parameter 
that characterizes an examinee depends on the test administered and that the 
parameters that characterize an item depend on the ability distribution of the set of 
examinees (cf Hambleton, Swaminathan, & Rogers, 1991) Classical test models, 
moreover, also assume a constant measurement error for all persons Seeing that 
individual ability cannot be separated from item or test difficulty, it is virtually 
impossible to compare performances on tests which are intended for different levels 
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of ability. In addition, it is also virtually impossible to adequately quantify growth 
when there is no precise information on the reliability of a n individual measure at a 
part icular point in time. 
2.1.2. The present study 
In the present study, item response theory will be u s e d to measure children's 
reading and spelling development throughout elementary education. Within item 
response theory, it is a s s u m e d t h a t the ability θ of a person is not limited (-œ < θ < 
oo) and that certain items provide information on the ability of the person. In item 
response models, the abilities of individuals a n d the properties of items are related 
to each other in a chance model us ing separate parameter s (e.g., Hambleton, 1989; 
Harris, 1989; Lord, 1980). An important advantage of the u s e of a scale on which 
both the ability and the i tems are s i tuated is t h a t ability scores no longer depend 
on the items administered. When a n item response model is found to hold for a set 
of items, that is, ability p a r a m e t e r s can then be est imated us ing only part of the 
entire set of items. Within item response theory, the precision of measurement is 
also not a s s u m e d to be c o n s t a n t for the whole score scale. Application of item 
response theory, therefore, offers better and more opportunities to monitor word-
reading and spelling development t h a n application of classical test theory. 
Only a few previous s tudies in the area of reading a n d spelling have been 
us ing item response theory. Francis et al. (1996) constructed growth curves for 
reading on the basis of scaled scores obtained from the item response model of 
Rasch. Notenboom and Reitsma (2003) constructed a spelling scale using the item 
response model of Birnbaum. In the present study, the children's word-reading and 
spelling abilities will both be assessed. Word-reading ability will be tested via the 
presentation of isolated words us ing a progressive demasking technique. Spelling 
ability will be tested by asking children to spell words us ing a computer keyboard. 
Two issues will be of part icular interest in the present study. First, the 
dimensionality of the abilities of word-reading and spelling will be examined as 
current item response models a s s u m e that performances on a set of items are 
based on one single underlying dimension. Second, the quality of the ongoing 
assessment of word-reading a n d spelling ability will be explored. Do the measures 
for word-reading a n d spelling provide accurate est imates of children's ability and 
are the measures sufficiently sensitive to children's growth in word-reading and 
spelling across grades 2 through 6? 
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2.2. Method 
2.2.1. Participants 
A total of 344 children from 9 different elementary schools in the eastern part of 
the Netherlands participated in this study. Recruitment involved 66 children (34 
boys, 32 girls) from grade 2, 130 children (68 boys, 62 girls) from grade 3, 100 
children (48 boys, 52 girls) from grade 4, and 48 children (24 boys, 24 girls) from 
grades 5 and 6. The children were tested in April or May of 2005. At the time of 
testing, the second graders' mean age was 8.2 years (SD = 0.38), the third graders' 
mean age was 9.3 years (SD = 0.47), the fourth graders' mean age was 10.2 years 
(SD = 0.42), and the mean age of the children in the grades 5 and 6 was 11.49 
years (SD = 0.59). The compositions of the nine school populations or Dutch 
"school weights" varied substantially. A school weight is a measure used by the 
Dutch government to determine educational funding and is based on consideration 
of the ethnic origin, SES, and level of education for the parents of the students in a 
school. Six schools had a low school weight and thus accommodated 
predominantly middle-class children. The other three schools had higher school 
weights and thus accommodated a greater number of working-class and minority 
children. 
2.2.2. Test materials 
Two computer-based tests were administered: (a) a test of word-reading and (b) a 
test of word-spelling. The word-reading test involved 60 words. Almost all of the 
words were nouns selected on the basis of frequency counts (Schrooten & Vermeer, 
1994; Schaerlaekens, Kohnstam, & Lejaegere, 1999). The words differed in 
orthographic structure and involved 15 one-syllable (c)CV(c)(c) words with a one-to-
one relation between phonemes and graphemes, 22 one-syllable (c)CV(c)(c) words 
with a more obscure relation between phonemes and graphemes, and 23 two-
syllable words. The children were asked to decode the words and pronounce them 
aloud. In order to accurately measure reading speed, the progressive demasking 
technique of Grainger and Segui (1990) was adopted. In the first cycle, the 
stimulus word was presented for 17 ms. and the mask - which was composed of 
number signs - was presented for 323 ms. After each cycle (i.e., the second cycle, 
the third cycle, and so on), the duration of the stimulus presentation was increased 
by 17 ms. and the duration of the mask presentation was decreased by 17 ms. The 
total duration for each cycle thus remained constant at 340 ms., and there was no 
interval between successive cycles. The successive presentation of the cycles 
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continued until the child pressed the space bar and read the observed word aloud. 
The response latency between the beginning of the first cycle and the child's 
response was then recorded automatically and reading accuracy was scored 
manually. 
The spelling test involved 60 words with one (n = 21), two (n = 27), or three 
syllables (n = 12). The words reflected the following Dutch spelling categories (cf. 
Nunn, 1998): (a) phonologically spelled words, (b) words spelled according to 
analogy-based rules, and (c) words spelled according to morphology-based rules. 
All of the words were presented in a short sentence, and the children were asked to 
spell the target words using the computer keyboard. In a separate session, the 
same items were presented in a dictation task requiring handwritten responses. 
The reason to test children's spelling ability both digitally and on paper is that it is 
not clear yet if the two modes of administration provide scores which are 
interchangeable. It is possible, for example, that the scores derived from computer-
based administration as compared to paper-based administration might reflect not 
only the child's spelling proficiency but also differences in typing proficiency. 
2.2.3. Procedure 
The tests were administered to the children individually by a trained test 
administrator. The word-reading items were presented to all of the children in the 
sample. The spelling items were administered according to a structural incomplete 
design. The reason to choose for an incomplete spelling design was that 
administration of 60 items in two conditions overloaded children. A complete word-
reading design, on the contrary, was considered acceptable because word-reading 
takes less time to administer. The anchor-item design used to collect the spelling 
data is presented in Figure 2.1. Characteristic for an anchor-item design is that 
different sets of items (modules) are presented to different subgroups of children. 
On account of the common modules between the different subgroups of children, 
this design is exceedingly suitable for equating purposes (e.g., Petersen, Kolen & 
Hoover, 1989). Moreover, it is neither necessary to assume em equivalence of 
subgroups of children nor an equivalence of item subsets (Eggen, 1993). As can be 
seen in Figure 2.1, a total of four modules with 10 spelling items were administered 
to the children. Two of the four modules were administered in the computer-based 
condition and the other two in the paper-based condition. It is important to 
remember that, if an item response model holds for a set of items, ability estimates 
do not depend on the items administered. If spelling ability is not affected by the 
administration condition, thus, children must demonstrate a similar ability in both 
conditions regardless of the items administered. 
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Module 
Group 1 (grade 2+3) 
Group 2 (grade 2+3) 
Group 3 (grade 3+4) 
Group 4 (grade 3+4) 
Group 5 (grade 4+5+6) 































Note. W=writmg; T=typing 
Fig 2.1. Design of item administration spelling test. 
After the test administration the dichotomous accuracy measures (right or 
wrong) and continuous response latencies for the word-reading test were 
transformed into polytomous word-reading scores. On the basis of the scores and 
latencies per word, that is, points were allocated for reading fluency at the word 
level: 0 points = wrong answer or a right answer after 2500 ms.; 1 point = right 
answer within 1200-2499 ms.; 2 points = right answer within 1-1199 ms. These 
score categories were chosen in such a manner that each category contained about 
the same number of observations. The dichotomous scores for the spelling test 
were not transformed. 
2.2.4. Statistical analyses 
The dimensionality of word-reading and spelling ability was studied separately via 
the conduct of an exploratory factor analysis on the matrix with the polychoric and 
tetrachoric correlations between the items, respectively. The factor analyses were 
carried out according to the two-factor MINRES method (Harman & Jones, 1966). 
The two tests were further analyzed within the framework of the One-Parameter 
Logistic Model (OPLM; Verhelst & Glas, 1995). The OPLM combines the 
attractiveness of the mathematical properties of the Rasch model with the flexibility 
of the Birnbaum model. In OPLM, difficulty parameters are estimated and 
discrimination indices are imputed as known constants. The difficulty parameters 
were estimated using the Conditional Maximum Likelihood method. The 
discrimination indices were selected on the basis of a geometric mean of 3. Model 
fit was not only assessed using the available statistical tests in the software 
package (i.e., the S-test and i?ic-test; Verhelst, Glas, & Verstralen, 1995), but also 
by exploring the extent to which the property of invariance holds and the extent to 
which the predictions of the model are accurate (see, for example, Hambleton & 
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Swaminathan, 1985). After the dimensionality of the word-reading and spelling 
data was established, the quality of the ongoing assessment of word-reading and 
spelling ability was examined. Test information functions were computed and 
children's development on the word-reading and spelling measures was mapped. 
First, ability distributions for word-reading and spelling were estimated by means 
of Marginal Maximum Likelihood estimation. Thereafter, effect sizes were 
calculated in order to interpret children's degree of development in word-reading 
and spelling ability. 
2.3. Results 
2.3.1. Dimensionality of word-reading ability 
The dimensionality of the items constituting the word-reading test was investigated 
in a two-factor MINRES analysis of the matrix containing the polychoric 
correlations between the items. The two-factor solution showed all of the items to 
load high on factor 1 and low on factor 2. The first factor explained 96 percent of 
the total amount of variance explained, while the second factor explained only 4 
percent. It can thus be concluded that a unidimensional model should be 
appropriate to analyze the word-reading test. 
The OPLM was next estimated for the word-reading items. The item oriented S-
test and the overall i?ïc-test were used to assess the fit of the model. The fit of the 
OPLM is generally considered acceptable if the p-vaJues for the S-tests are more or 
less rectangularly distributed at the interval [0,1]. The Rlc contribution, moreover, 
should no more than one and a half times the number of deviates. Thirteen S-tests 
had a p-value lower then .05 and were thus significant; the remaining S-tests were 
reasonably distributed at the interval [0,1]. The i?ic-test did not provide useful 
information because the expected frequencies of correct responding in groups of 
children with a similar score were too low for many item score categories. 
When the OPLM fits the data, invariant difficulty and ability parameters must 
be obtained. To investigate the invariance of the word-reading difficulty 
parameters, the sample of children was divided into two groups: one group with 
boys and one group with girls. Next, the difficulty parameters were estimated for 
the two groups. The discrimination values were held constant. If the model fits the 
data, a linear relation should appear between the estimated difficulty parameters 
for the two samples, even if the samples differ in some respect (cf. Lord & Novick, 
1968). In Figure 2.2a, the difficulty parameters as estimated for the two samples 
can be seen to show a linear relation. 
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The invariance of ability parameter s was investigated by dividing the word-
reading test into two sets of items: one set with the even items a n d one set with the 
odd items. For each child in the sample, Weighted Maximum Likelihood ability 
estimates (Warm, 1989) were subsequently obtained for the two sets of items. The 
pairs of WML est imates are plotted in Figure 2.2b for each child. If the OPLM fits 
the data, the bivariate plot for the ability es t imates should define a straight line. As 
can be seen from Figure 2.2b, the WML est imates do not clearly differ in excess of 
the measurement errors associated with the est imates. Ability parameter 
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Ability even items 
Fig 2.2. Invariance of difficulty and ability parameters for the word-reading test: (a) plot of 
difficulty values based on the responses of boys and girls; (b) plot of ability estimates based on 
equivalent test halves. 
Finally, the accuracy of the OPLM predictions was investigated by analyzing 
the standardized item residuals. Note that the standardized item residual is the 
difference between the observed item performance for a group of children a n d their 
expected item performance. The expected distribution of s tandardized item 
residuals u n d e r the a s sumpt ion of the OPLM is u n k n o w n al though one might 
expect the distribution to be normal with mean 0 and s tandard deviation equal to 
1. Rather t h a n a s s u m e a normal distribution, however, a n empirical distr ibution of 
residuals was generated to interpret the real distribution of the residuals. In order 
to generate an empirical distribution of residuals, an artificial data set was initially 
generated for Ν = 10,000 s imulées with θ - ^(μ, σ2) equal to the ability distribution 
(estimated with MML) for the total sample. As can be seen in Figure 2.3, the real 
and simulated distr ibutions of the standardized residuals for the OPLM are highly 
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similar. Statistically there is no difference between the real and simulated 
distr ibutions, t(830) = -1.22, ρ = .22. 
D Simulated 
• Real 
- 4 - 3 - 2 - 1 0 1 2 3 4 
Standardized residual 
Fig 2.3. Word reading frequency distributions of standardized residuals 
for OPLM real and simulated data. 
2.3.2. Dimensionality of spelling ability 
The spelling items were administered in two conditions, namely writing and typing. 
The dimensionality of the items was first investigated via the conduct of a two-
factor MINRES analysis. The tetrachoric correlations were determined on the basis 
of all available item responses, irrespective of administrat ion condition. However, 
because of the incomplete spelling design, the factor analysis was repeated for 
three complete parts of the total design, which is module 1+2, 3+4 and 5+6. The 
two-factor solutions showed the spelling test to be dominated by one single factor. 
The first factor accounted for 76, 72, a n d 82 percent of the variance, respectively. 
The OPLM was next estimated for all of the items constituting the spelling test. 
Again all of the available item responses, irrespective of administrat ion condition, 
were used to estimate the OPLM. Both the item-oriented and the overall statistical 
tests indicated model fit. The p-values for the S-tests, that is, were more or less 
rectangularly distributed at the interval (0,1], and the Rlc contribution also turned 
out to be acceptable in view of the n u m b e r of deviates, Rlc = 233, df = 192, ρ = 
.02. 
After the OPLM was estimated, the property of invariance of difficulty 
parameter s was checked. As before, the difficulty parameters were est imated for 
t h e boys and girls separately. In order to compare both administrat ions conditions, 
however, the difficulty parameters were also estimated for both the writing and 
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typing condition. The discrimination values were held constant . As c a n be seen 
from Figures 2.4a and 2.4b, linear relations hold between the different sets of 
difficulty parameter est imates. This m e a n s t h a t difficulty parameter invariance was 
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Ability writing condition 
Fig 2.4. Invariance of difficulty and ability parameters for the spelling test (a) plot of difficulty 
values based on the responses of boys and girls, (b) plot of difficulty values based on the 
responses for the typing and writing condition, (c) plot of ability estimates based on equivalent 
test halves, (d) plot of ability estimates based on the paper based and computer based spelling 
test 
The invariance property of ability p a r a m e t e r s across different samples of items 
was subsequently examined by investigating whether a linear relation holds 
between the WML est imates of ability based on the even and odd items. In addition, 
individuili ability est imates were obtained for the two different administrat ion 
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modes Figure 2 4c shows a strong linear association between the WML est imates 
for the even and odd items The WML est imates for the computer-based condition 
as presented in Figure 2 4d, however, seem not clearly associated with the WML 
est imates for the paper-based condition Closer examination of the data showed the 
differences between the s tandard errors associated with the WML est imates to 
differ substantial ly for both administrat ion conditions In view of the strong 
fluctuating s tandard errors in either the writing or typing condition, it is difficult to 
determine the degree of interchangeabihty between the two administrat ion modes 
Nevertheless, the strong association between the WML est imates for the even a n d 
odd items clearly shows the ability parameters to be invariant 
Finally, the accuracy of the OPLM predictions was checked by means of the 
analysis of the standardized item residuals The empirical distribution of item 
residuals was first generated according to the same procedure as described earlier 
The empirical distribution was next compared to the real distribution of item 
residuals for the writing a n d typing conditions separately a n d for the combined 
condition with no distinction between writing versus typing administration of the 
spelling items Figure 2 5 presents the real and simulated distributions of 
standardized item residuals As c a n be seen from Figures 2 5a and 2 5b, the 
observed a n d expected n u m b e r s of correct answers for subgroups of children with 
a similar level of ability did not clearly differ for the typing versus writing condition 
Neither in the typing condition, f(327) = - 42, ρ = 68, nor in the writing condition, 
t(343) = - 72, ρ = 47, was a statistically significant difference between the real a n d 
simulated distributions of residuals a p p a r e n t The real distributions of res iduals 
for the writing versus typing conditions, moreover, also did not differ significantly, 
t(256) = - 26, ρ = 80 As can be seen from Figure 2 5c, the real and simulated 
distributions of the residuals in the combined condition were nearly identical a s 
well, t(464) = - 68, ρ = 50 
2.3.3. Measurement precision 
Test information functions express the precision of m e a s u r e m e n t at different ability 
levels The estimate of the s t a n d a r d error for a n ability estimate is inversely 
proportional to the square root of the test information evaluated at the est imate 
The magnitude of the s tandard error generally depends on the n u m b e r of test 
items, the quality of test items, and the match between item difficulty a n d 
respondent ability To investigate the information value for both the word-reading 
and spelling scale, the ability distributions for three subgroups of children were 
estimated first Table 2 1 presents the m e a n s a n d s tandard deviations for the three 
subgroups as calculated us ing the MML estimation method It is important to note 
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t h a t both the paper-based and computer-based responses were u s e d to est imate 
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Fig 2.S. Spelling frequency distnbutions of standardized residuals for OPLM real and 
simulated data (a) wnting condition, (b) typing condition, (c) combined condition 
Next, the expected fit of the scales for word-reading and spelling to the target 
population was determined by s u m m i n g the relevant item information functions 
Figure 2 6a and 2 6b show for word-reading a n d spelling, respectively, the test 
information function, the MML di s tnbut ions , and the s t a n d a r d errors of 
m e a s u r e m e n t at ability level θ The test information function for word-reading finds 
its maximum at an ability level near 050 As a consequence, the word-reading 
scale will provide the most information in grades 2 a n d 3, whereas the information 
decreases somewhat in grades 5 and 6 The spelling scale provides information in 
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the interval - 1 5 < θ < 2 0 , which m e a n s that the scale fits a ra ther broad range of 
ability levels However, also for spelling, the information value decreases in the 
u p p e r elementary grades The decreasing information value of the word-reading 
a n d spelling scale for higher levels of ability suggests t h a t the word-reading a n d 


















 2 ^ 















^ / " * 







Fig 2.6. Test information functions (a) word reading, (b) spelling 
50 
Screening for word reading and spelling problems 
Within item response theory, m e a s u r e m e n t precision is not easy to judge 
because clearly u n a m b i g u o u s criteria are simply not available to interpret a test 
information function The classical test theory definition of m e a s u r e m e n t precision 
is easier to interpret, but not directly comparable to the local m e a s u r e for precision 
as defined by item response theory When the variation in s t a n d a r d errors is 
ignored and the variance of the ability distr ibution is fixed, however, it is possible 
to convert the item response theory measure for precision to a classical test theory 
measure for precision Verhelst, Glas, a n d Verstralen (1995) have developed ,the 
MAcc coefficient which can be interpreted as a generalization of coefficient a lpha 
for all est imators of θ Table 2 1 presents the MAcc coefficients for the three 
subgroups of children on both the word-reading a n d spelling m e a s u r e The values 
for the MAcc coefficient indicate that both the word-reading and spelling scale are 
appropriate for m e a s u r e m e n t of the relevant abilities within the target population 
The precision of m e a s u r e m e n t , that is, proved high (> 80) in all grades 
Table 2.1 
Ability distributions and classical indices for measurement precision 
Word-reading 
Grades 2 and 3 
Grades 3 a n d 4 
Grades 4, 5, and 6 
Spelling 
Grades 2 and 3 
Grades 3 and 4 






















2.3.4. Sensitivity to growth 
To establish whether the scales for word-reading a n d spelling are sufficiently 
sensitive to growth, the children's progress in word-reading and spelling was 
investigated In Table 2 1, the estimated MML ability distr ibutions for the three 
subgroups of children are presented As can be seen, children's word-reading and 
spelling abilities improved substantial ly throughout the elementary grades 
Corrected effect sizes were calculated for interpretation of the strength of children's 
growth It should be noted that an effect size of 20 c a n be interpreted a s a small 
effect, an effect size of 50 as a moderate effect, a n d a n effect size of 80 a s a large 
effect (cf Cohen, 1988) The effect size between subgroup 1 (i e grades 2 a n d 3) 
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and subgroup 2 (i.e., grades 3 and 4) was .824 for word-reading and .980 for 
spelling. The effect sizes between subgroup 2 (i.e., grades 3 and 4) and subgroup 3 
(grades 4,5 and 6) were .351 and 1.028, respectively. Despite the overlap between 
the three subgroups of children, thus, the effect sizes suggest strong growth across 
grades. This means that the constructed ability scales seem able to quantify 
children's growth in word-reading and spelling in grades 2 through 6. Children's 
growth in word-reading shows nevertheless a decrease, which may be due to a 
ceiling effect in the upper grades. 
2.4. Conclusions and discussion 
The present results indicate that word-reading and spelling can both be 
conceptualized as unidimensional constructs. Factor and item response theory 
analyses clearly showed a single latent ability to underlie the set of word-reading 
items and the set of spelling items. The constructed scales for word-reading and 
spelling proved appropriate, moreover, for the measurement of word-reading and 
spelling ability throughout elementary education. The information value of the 
ability scales (or measurement precision) turned out to be satisfactory for all of the 
elementary grades, and effect size analyses showed the ability scales to be sensitive 
to growth. Finally, children did not score systematically higher or lower on the 
paper-based or computer-based spelling test. This result provides evidence for the 
validity of a computerized spelling test, but it is important to compare writing 
versus typing more extensively in future research. 
The findings call for the application of item response theory in the screening 
for word-reading and spelling problems throughout the elementary school grades. 
Measures which are comparable across grades were successfully constructed for 
both word-reading and spelling using item response theory. In addition, there is 
clear evidence that the item response theory calibrated scales are able to map 
children's progress in reading and spelling systematically and accurately. Given the 
present ability scales for word-reading and spelling, that is, it becomes possible to 
determine the word-reading and spelling level of a child on the same metric at any 
point in development. It can be determined precisely which words are mastered, 
which words need attention, and which words are beyond the ability level of a child 
yet. A child can be compared to himself continuously and at set times, the child's 
performances can be compared to the performances of a reference group. It is 
exactly this type of information that is essential to address reading and spelling 
delays. 
The precise information on the progress of an individual child in the area of 
reading and spelling can also be useful in the screening for dyslexia. It has been 
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argued that dyslexia involves a child's reading or spelling problems to be resistant 
to usual teaching methods and remedial efforts (see, for example Olson & Gayan, 
2001, Vellutino, Scanlon, & Lyon, 2000, Vellutino et al , 1996) After early 
identification and a penod of systematic and task-based help by a teacher or 
remedial teacher, thus, the reading and spelling problems of dyslexic children 
should continue to anse When dyslexic children are indeed resistant to remedial 
efforts, the reading and spelling development of dyslexic children should show 
increased delays when compared to the reading and spelling development of non-
dyslexic children When this is really the case, dyslexia might be diagnosed via the 
identification of declining patterns of growth relative to other children For such an 
approach, it is essential that a child's ability can be measured on the same metric 
at all subsequent occasions of measurement In addition, a child's ability must 
continuously be measured with the highest possible measurement precision The 
scales for word-reading and spelling as developed in this study are ideally suited to 
meet these requirements 
Although the presented scales for word-reading and spelling can fulfill an 
important role in the screening for reading and spelling problems, there are a few 
potential limitations on the present study which should be taken into account 
First, the number of items involved in this study was rather limited The items, 
moreover, did not fully cover the content domains of word-reading and spelling 
Loanwords, for instance, were not included and the number of polysyllabic words 
was small The results from the dimensionality investigation should therefore be 
interpreted with caution It is not yet sure whether the results still hold when the 
factor and item response theory analyses are conducted on an item set which is 
more representative for Dutch word-reading and spelling Follow-up studies could 
investigate whether word-reading or spelling ability also prove unidimensional 
when a broader range of items is involved 
A second limitation concerns the composition and size of the sample This 
study was primarily focused on word-reading and spelling ability in grades two 
through six However, Notenboom and Reitsma (2003) have found a difference in 
spelling approach used by Dutch speaking first graders versus Dutch speaking 
second graders Existing theories on reading and spelling development also suggest 
that especially in the early elementary grades, children progress through 
qualitatively different developmental stages (e g , Ehn, 1992, 1997, 2005) Despite 
the fact that the present study clearly showed a single latent ability to underlie 
both word-reading and spelling in grades two through six, further investigations 
are needed to determine whether the unidimensional scales for word-reading and 
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Dutch word-decoding development: An application 
ofpolytomous IRT2 
The purpose of the present study was to examine word-decoding development in 
Dutch throughout elementary education A pseudo-longitudinal dataset with the 
responses of 1589 children to six different sets of 140 progressive demasking word-
decoding items was analyzed in order to assess the dimensional structure of word-
decoding development and the rate of developmental change across grades one 
through six The word-decoding items were divided into four classes of increasing 
orthographic complexity monosyllabic words, bisyllabic words, polysyllabic words, 
and loan words Factor and item response theory analyses showed that - starting 
from grade two - word-decoding development can be conceptualized as a uni-
dimensional and continuous learning phenomenon across the years Children 
appeared to master the reading of the four different word classes in succession but 
as overlapping waves Structural analyses further showed the children's word-
decoding abilities to increase quadratically throughout the elementary grades The 
observed patterns of development did not differ much between different values of 
the variables gender, ethnicity, and home language 
2
 The corresponding reference is Keuning, J , Verhoeven, L & Eggen, Τ J H M (submitted) 




There is abundan t evidence that the ability to retrieve phonological codes for 
written word forms from long-term memory plays a central role in children's 
reading development. The automatization of this ability to decode can be even seen 
as critical for the a t ta inment of fluent reading levels (Perfetti, 1992; Samuels , 1994; 
Stanovich, 2000). In learning to read, children s tar t with the acquisition of 
elementary decoding skills and gradually apply these skills with greater accuracy 
and speed. Later - via the direct recognition of multi-letter uni ts and complete 
words - the word-decoding process becomes increasingly automated (Adams, 1990; 
Ehri, 1994; Gough, Ehri, & Treiman, 1992). The development of word-decoding 
ability can thus be conceptualized along a cont inuum that ranges from the slow 
and laborious decoding of words to the rapid and effortless decoding of words (see 
Logan, 1997). Stage models have been put forth to describe the steps taken during 
the development of more or less fluent word-decoding. The stage model of Ehri 
(1994, 1999, 2005) distinguishes four particular stages: (a) the pre-alphabetic 
stage, (b) the partial alphabetic stage, (c) the full alphabetic stage, and (d) the 
consolidated alphabetic stage. Each stage has been labeled to reflect the 
predominant type of memory connection for the linking of pronunciat ions to 
writ ten word forms. It is suggested tha t children exclusively rely upon the visual 
a t t r ibutes of words during the first stage in the development of word-decoding 
ability and that letter-sound relations are not involved. During the second stage, 
children use their limited knowledge of letter names and sounds to form partial 
alphabetic connections. During the third stage in the development of word-
decoding ability, the automatic access of letter-sound information s tands central. 
Children read words by forming complete connections between the letters seen in 
written word forms and phonemes detected in their pronunciat ions. The fourth and 
final stage involves the access of orthographic information in that children s tar t to 
u s e pat terns larger than individuell letter-sound relations (i.e., rimes, syllables, and 
morphemes) in order to form complete connections. 
3.1.1. The dimensional structure of the development of word-decoding 
Models in which the development of word-decoding ability is assumed to involve a 
series of qualitatively distinct stages are not without controversy. It can be argued, 
for instance, that stage models focus too much on the strategies used to recognize 
words and not enough on the underlying knowledge needed to do this. Not all 
children will pass through the same sequence of stages, moreover (Stuart & 
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Colthaert, 1988), and this knowledge led Treiman and Bourassa (2000) to suggest 
that one particular word-decoding strategy may predominate at a given point in 
time but nevertheless operate in concert with other strategies during the 
development. Such a non-stage characterization of children's word-decoding 
development, thus, does not question the multiplicity of strategies but, rather, the 
static and singular use of only one particular strategy at a given point in time. The 
discrepancy between stage and non-stage models of the development of children's 
word-decoding ability, however, does raise the question of whether the underlying 
learning process should be conceptualized as unidimensional or multidimensional. 
According to the stage model of Ehri, the development of word-decoding ability 
should be conceived as discontinuous and clearly multidimensional. To progress to 
the different stages of development, for example, one would expect that children 
must acquire five specific reading accomplishments: (a) alphabetic knowledge, (b) 
sensitivity to initial phonemes, (c) sensitivity to final phonemes, (d) full alphabetic 
decoding, and (e) automatic word recognition (cf. Kaplan & Walpole, 2005). 
According to the non-stage model of Treiman and Bourassa, in contrast, the 
development of word-decoding ability involves only gradual improvements in the 
knowledge and abilities of children and should therefore be of a continuous and 
unidimensional nature. 
3.1.2. Differences in developmental trajectories 
The dimensional structure of word-decoding development is not the only issue that 
should be addressed when mapping children's development. A second issue is the 
extent to which differences occur in the developmental trajectories observed for 
children; it is very possible that a single growth model cannot adequately 
characterize the development of word-decoding ability for all children. Several 
procedures can be used to monitor groups with different developmental 
trajectories. One possibility is to use latent class analysis to identify groups with 
homogenous developmental patterns. In such an exploratory approach, the 
number of classes, their defining characteristics, and their constituent objects are 
fully determined by the clustering or classification method (Gordon, 1999). A 
second possibility is to define the classes or clusters to be used on the basis of 
existing developmental theories prior to the analyses (e.g., Stanovich, Nathan, & 
Zolman, 1988; Francis et al., 1996). According to "lag theory," for example, poor 
readers are assumed to be just slow starters who eventually recover from their 
problems. According to "deficit theory," in contrast, poor reading is assumed to be 
a more persistent condition that often precludes full recovery. A third possibility is 
to explore differential developmental patterns in relation to such factors as 
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ethnicity, gender, and home language. A literacy achievement gap between ethnic 
minorities and majorities, for instance, has been documented repeatedly (Donahue, 
Daane, & Grigg, 2003; Grigg et al., 2003). The pat tern of girls outperforming boys 
within the domain of literacy has similarly been identified in several countries 
a round the world (Alloway & Gilbert, 1997; van Berkel et al., 2002; Dwyer, 1973; 
Holbrook, 1988). 
3 . 1 . 3 . Psychometric issues 
Several psychometric issues fundamental to the longitudinal measurement of 
word-decoding ability mus t be addressed a s well before development can be 
properly mapped. The first issue concerns how word-decoding ability can best be 
measured. One approach has been to have the child read as many words as 
possible aloud from a list within a given period of time. An alternative procedure is 
to have the child decide if presented word forms on a list refer to existing words or 
not. Both of these procedures have the drawback, however, tha t basic information 
about reading speed on word level gets lost. Other procedures involve the 
presentat ion of isolated words on a computer screen. Characteristic of these 
procedures (e.g., Bijeljac-Babic et al., 2004; Perry & Ziegler, 2002; Grainger & 
Segui, 1990) is tha t the words are only briefly visible on a screen and more or less 
directly masked. The children are stimulated to decode the words as fast as 
possible, and the reading speed for each of the words is measured. The masking 
procedures tend to differ depending on the type of response required. In some 
cases, a voice key is used to automatically score the oral responses; in other cases, 
multiple choice response items are provided. 
A further psychometric issue concerns how the development of word-decoding 
ability can best be assessed. The use of one and the same test at subsequent 
occasions of measurement is virtually not an option. Apart from the question of 
whether the same test can be administered twice to the same person and t h u s give 
rise to possible memory effects, it is obvious that the same test cannot be 
meaningfully administered to both children in the lower grades of elementary 
school and children in the upper grades of elementary school due to the likelihood 
of floor effects when the test is too difficult or ceiling effects when the test is too 
easy. A range of tests , differing in difficulty, is t h u s needed to adequately measure 
the development of children's word-decoding abilities, bu t the tests mus t first be 
shown to measure the same underlying ability. Furthermore, it mus t also be 
determined (see, for example, Crocker & Algina, 1986) how the results of different 
follow-up tests can be properly compared. 
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Yet another psychometric issue is how response latencies and measures of 
accuracy can be included in the same analyses. The simultaneous analysis of both 
the speed and accuracy of responding is rarely discussed in the relevant research 
literature, and the focus of even the psychometric literature is on mainly the 
distributions of the children's response times without attention to response 
accuracy (Scheiblechner, 1985; νειη Breukelen, 1995, 1997; Maris, 1993). An 
exception is Verhelst, Verstralen, and Jansen (1997) who have presented a model 
to analyze both the item scores and the total test response time. The presumed 
absence of response times per item, however, force some less appealing 
restrictions. For example, the model loses credibility in situations where items are 
not of comparable difficulty or length. In later research, Verstralen, Verhelst, and 
Bechger (2000) have therefore described a "double hazard" model in which scores 
and response latencies per item are combined to estimate the ability of the 
individual. It is highly doubtful, however, whether such a model will fit word-
decoding data from languages with rather regular orthographies such as the Dutch 
language. Within such languages reading accuracy and reading speed are probably 
not clearly related on account of the high percentage of accurate responses (due to 
the regularity of the language's orthography) that can be expected to occur in the 
upper elementary school grades. 
3.1.4. The present study 
The purpose of the present study was to examine word-decoding development of 
children in the Netherlands during the elementary school period on the basis of a 
computerized progressive demasking word-decoding test with nine different 
modules specifically tailored to grade level. With four word classes subsuming 
monosyllabic words, bisyllabic words, polysyllabic words, and loan words, it was 
attempted to answer the following questions. 
1. Can the development of word-decoding ability during the elementary school 
period be conceptualized as a unidimensional and continuous learning 
phenomenon? 
2. To what degree does the mastery of monosyllabic, bisyllabic, polysyllabic, 
and loan words occur in a stage-like fashion? 
3. What is the rate of development in word-decoding ability across the 
elementary school grades and to what extent can differences in relation to 
the gender, ethnicity, or home language of the children be seen to occur? 
The research questions were addressed from the perspective of polytomous 
models from item response theory (see, for example, Lord, 1980; Hambleton, 
Swaminathan, 1985; Van der Linden & Hambleton, 1997). Such an approach has 
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not yet been applied in word-decoding research and is innovative in that it allows 
for the analysis of both the speed and accuracy of responding in a manner that is 
relatively straightforward. The accuracy measures and response latencies at the 
level of the word as obtained by application of the progressive demasking 
technique, that is, provide an excellent basis for a polytomous classification system 
that allocates points for the degree to which the reading of a word has been 
automatized. If higher item scores indicate faster and correct reading (i.e., high 
ability) and lower item scores slower or incorrect reading (i.e, low ability), many 
different models become available to analyze the data. With such a classification 
system, moreover, the data can be analyzed within the widely accepted framework 
of polytomous item response theory as opposed to a framework that has not yet 
proved its usefulness for measurement practice. 
Item response models are well-suited for the examination of the nine word-
decoding modules developed for the present study and whether they appear to 
relate to the same underlying ability in the same manner or not. Does a single 
ability account for the children's item performance or are multiple abilities 
required? In the present study, two specific forms of multidimensionality were 
explicitly examined: (a) within-group and (b) between-group multidimensionality. 
The presence of within-group multidimensionality means that, even when the data 
from a single group of children is analyzed, the test items Eire found to measure 
different abilities. This type of multidimensionality arises when the monosyllabic, 
bisyllabic, polysyllabic, and loan word classes of items appeal to qualitatively 
different underlying abilities and knowledge. The presence of between-group 
multidimensionality means that the test items measure different abilities or 
knowledge for the members of one group versus another group. According to stage 
theory, one can expect this type of multidimensionality to possibly arise for 
different grade levels or children with different levels of ability. In the present 
study, therefore, the behavior of weak reading children in particular grade levels 
was compared to the behavior of their mainstream peers. 
A further, unsurpassed advantage of item response theory is that its 
application allows the different word-decoding modules to be placed along a 
common measurement scale. This property enables comparison of the test results 
for different individuals regardless of the items that have been administered. 
Within the context of the present study, the rate of developmental change 
throughout the elementary school grades could thus be addressed in an 
appropriate and meaningful manner. In addition, item response models allow for a 
broad range of interpretations at the level of the item. The contributions of 
individual items to the precision of measurement along the ability range can be 
expressed, and predictions can be made about how an individual child or group of 
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children will perform on a given item. Even when particular items are not 
administered, thus, item response theory provides consideration of how well a child 
might do when confronted with the relevant test items. In the present study, this 
property of item respond theory formed the basis for investigation of the degree to 
which mastery of monosyllabic, bisyllabic, polysyllabic, and loan words occurs in a 
stage-like fashion or not. 
3.2. Method 
3.2.1. Participants 
For sampling purposes, the Dutch population of elementary schools was divided 
into three strata on the basis of the mean formation weight for the children in the 
schools. The formation weight for a child is based upon ethnic origin, SES, and 
educational level of the parents and used by the Dutch government to determine 
educational funding. A child can be classified into five different categories: 1.25 for 
Dutch working-class children, 1.40 for barge children in a boarding school or foster 
home, 1.70 for children from the traveling population, 1.90 for children with low 
educated parents of a non-Dutch origin, and 1.00 for all other children. Schools 
with a mean formation weight that was larger than 1.20 were included in stratum 
3; schools with a mean formation weight between 1.01 and 1.20 were included in 
stratum 2; and the remaining schools were placed in stratum 1. A stratified 
random sample of schools was then drawn to reflect the true distribution for the 
population of elementary schools in the Netherlands; that is, 62.5 percent of the 
sample was selected from stratum 1; 24.4 percent from stratum 2; and 13.1 
percent from stratum 3. The strata classifications of the schools were taken into 
account during the selection procedure, which meant that the final sample of 67 
schools was representative with regard to mean formation weight. In other words, 
different social classes were represented in the sample of schools and the relative 
share of the sample for each social class was representative of the relative share for 
the population of Dutch elementary schools. The schools varied substantially in 
size, and all regions of the Netherlands were represented in the sample. 
A total of 1589 children from the 67 schools participated in the study: 284 
children were recruited from grade one (158 boys, 126 girls); 242 from grade two 
(U3 boys, 119 girls); 262 from grade three (128 boys, 134 girls); 269 from grade 
four (126 boys, 143 girls); 283 from grade five (144 boys, 139 girls); and 249 from 
grade six (139 boys, 110 girls). The mean ages of the children upon initial testing 
were as follows: first grade 6.8 years (SD = 0.76), second grade 7.8 years (SD = 
0.56), third grade 8.8 years (SD = 0.50), fourth grade 9.8 years (SD = 0.55), fifth 
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grade 10.9 years (SD = 0.52), sixth grade 11.9 years (SD = 0.54). For each of the 
grade samples, moreover, 50 percent of the children were selected randomly for 
inclusion in the group while the other 50 percent were selected on the basis of 
weak word-decoding scores. That is, children with a percentile rank between 1 and 
25 on a word-decoding test that is widely used in the Netherlands (DMT; 
Verhoeven, 1995) were explicitly included in the sample. The randomly selected 
children were derived from schools (n = 25) that participated with only one grade 
level while the "weak" word-decoding children were derived from schools (n = 42) 
that participated with grades one through six in the study. 
3.2.2. Materials 
The computer-based word-decoding test consisted of 315 words distributed across 
nine equally large modules of increasing difficulty. The orthographic structures of 
the words differed and involved 67 monosyllabic phonologically transparent words, 
58 monosyllabic phonologically irregular words, 86 bisyllabic words, 69 
polysyllabic words, and 35 loan words. Almost all of the words were nouns, which 
were selected on the basis of either familiarity ratings (Schrooten & Vermeer, 1994) 
or frequency counts (Schaerlaekens, Kohnstam, & Lejaegere, 1999). In order to 
measure the speed and accuracy of the children's reading at the level of the word, 
the word-decoding items were presented to the children using the progressive 
demasking technique of Grainger and Segui (1990). This technique involves the 
individual presentation of the word-decoding items in the center of a computer 
screen in cycles of 340 ms. In the first cycle, an individual word-decoding item is 
presented on the screen for only 17 ms. and then masked by number signs for the 
remaining 323 ms. In each of the subsequent cycles, the duration of the 
presentation for the word-decoding item increased by 17 ms. and the duration of 
the mask decreased by 17 ms. The viewing time for the word to be decoded thus 
increased with each cycle. The successive presentation of the cycles continued 
until the child pressed the space bar and read the item aloud. The response latency 
between the beginning of the first cycle and the child's response was then recorded 
automatically while the accuracy of the child's reading was scored manually. Prior 
to actual test administration, each child was presented 15 practice items and 
instructed to read the items as quickly and accurately as possible. 
3.3.3. Procedure 
During the 2005/2006 school year, all of the children in the sample were tested on 
two occasions, namely at the beginning (B) and at the end (E) of the school year. 
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For the first graders, however, the first time of testing was not at the beginning of 
the school year but half way (M) through the school year. Administration of the 
different word-decoding modules depended on the children's grade level, which 
meant that not all of the modules were administered to all of the children. The 
structural incomplete anchor-item design used to administer the nine modules (see 
Petersen, Kolen, & Hoover, 1989; Eggen, 2004) is presented in Figure 3.1. 
Characteristic of this type of design is the considerable overlap in the 
administration of the modules for adjacent grades. So-called "anchors" or shared 
modules are thus established, which allows for vertical equating. As can be seen 
from Figure 3.1, on each of the two measurement occasions, two word-decoding 









































Fig 3.1. Administration of word-decoding modules. 
3.3.4. Statistical analyses 
The word-decoding test was analyzed within the framework of polytomous item 
response theory (e.g., Lord, 1980; Van der Linden & Hambleton, 1997; Masters, 
1982; Muraki, 1992). For that purpose, the accuracy measures and response 
latencies provided by the progressive demasking technique were transformed into 
polytomous word-decoding scores. On the basis of the accuracy measures and 
latencies per word, that is, points were allocated for reading fluency at the word 
level: wrong response - 0 points; accurate response after 3400 ms. - 0 points; 
accurate response between 1700 and 3399 ms. - 1 point; and accurate response 
within 1699 ms. - 2 points. The score categories were chosen in such a manner 
that each category contained about the same number of observations when all 
available fluency scores were considered together. It was not possible to include a 
separate category for incorrect reading due to the low frequency of such responses. 
That is, item response models cannot be estimated when there are categories with 
no responses in them, and it is difficult to assess the fit of an item response model 
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when some of the categories have only a few responses in them. This was also the 
reason to restrict the classification system to only three scoring categories. 
In the present study, the Generalized Partial Credit Model (GPCM; Muraki, 
1992) was used to calibrate the nine word-decoding modules. The GPCM assumes 
that the response to item j , denoted by Xj, falls in the score range (0, 1, ..., m,). The 
probability of obtaining item score k on item j with ability θ is given by 
expla^fcB-Xß,)] 
(3.1) ρ,,(θ) = ρ ( Χ , = * | θ ) = !=î-_ , 
1 + | > χ ρ [ α , ( Μ ) - £ β „ ) ] 
hi i l 
where α, is the discrimination parameter and β ,^ i = 1, ..., mj the category 
parameter for item j . However, because of favourable item calibration possibilities 
and the present targeted testing design (Eggen, 2004), the GPCM was estimated as 
a one parameter model by allowing for only a limited number of fixed 
discrimination values (Verhelst & Glas, 1995). The calibration was further 
conducted in a stepwise manner in order to address the different views of word-
decoding development and the underlying dimensionality of word-decoding ability. 
It was first attempted to estimate the GPCM for the monosyllabic, bisyllabic, 
polysyllabic, and loan words separately. The fit of the items to the models was 
assessed on the basis of the S-tests for each item and the Rlc-test (Verhelst, Glas, 
& Verstralen, 1995). In addition, the fit of the different grade levels to the models 
was assessed on the basis of a Lagrange Multiplier (LM) test of person fit (Glas & 
Dagohoy, 2007). A short description of these statistical tests is presented below. 
Next, it was investigated whether the four scales for the different word structures 
could be incorporated into a single unidimensional scale for word-decoding ability. 
Latent correlations between the four initially constructed scales were computed 
and, for each grade separately, a two factor principal axes factor analysis was 
performed on the matrix containing the polychoric correlations between a stratified 
random selection of the word-decoding items. 
After the dimensionality of the word-decoding data was established, a final 
GPCM scale was estimated. The discrimination parameters, Oy, were selected such 
that their geometric mean equaled 3 and the category parameters, β
Λ
 were 
estimated using the Conditional Maximum Likelihood method (CML). Within the 
context of the present study, CML estimation of the category parameters has the 
advantage that no assumptions about the distribution of ability have to be made 
and that from the point of view of parameter estimation, random sampling of a 
specific distribution of respondents is not necessary (Rasch, 1960; Andersen, 1972; 
Masters, 1985). Furthermore, only CML gives unbiased results without the 
necessity to specify the ability distributions in the present target testing design 
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(Eggen, 2004). The fit of the GPCM was again evaluated from two perspectives: the 
items a n d the children. To assess whether specific items violate the model, the S-
statistic was first computed for each item. The S-statistic h a s a n asymptotic x 2 
distribution a n d is based u p o n the differences between the observed a n d expected 
proportion of responses in homogeneous score groups. A rectangular distr ibution 
of p-values for the S-tests at the interval [0,1] favors the GPCM. The overall flic-
statistic for model fit was next computed. The i?ic-statistic h a s a comparable 
underlying rationale as the S-statistic and is generally considered acceptable when 
its contribution is no more t h a n one a n d a half t imes the n u m b e r of deviates. In 
addition to the distribution of p-values for the S-tests a n d the Rlc value, the 
distribution of the item residuals and the invariance of the category parameter s , β
Λ 
were checked (see, for example, Hambleton & Swaminathan, 1985). To assess 
whether the responses of the children in the different grade levels follow the model, 
the LM-statistic was computed for each item response pat tern. The LM-statistic is 
asymptotically x? d is tr ibuted a s well and c a n be u s e d to test for the constancy of 
the ability parameter θ over partial response pat terns for the GPCM. The LM-
statistic was evaluated at the Maximum Likelihood (ML) est imator of θ a n d the 
effect of est imation of the person parameters was taken into account w h e n 
computing the LM-test. 
The final word-decoding ability scale provided the basis for exploration of the 
development of word-decoding across the elementary school grades. To s tar t with, 
a univariate linear s t ructura l model for latent person p a r a m e t e r s θη, η = 1, ..., Ν, 
was used to model the ability parameters with the covariates of m e a s u r e m e n t 
occasion, gender, ethnicity, a n d home language (e.g., Zwinderman, 1991, 1997; 
Fox & Glas, 2 0 0 1 , 2002; Verhelst & Verstralen, 2002). As a case in point, the 
following model can be considered to explore the influence of the variables gender 
(yi) and ethnicity (1/2) on word-decoding: 
(3.2) θ„ = δ 0 +yafil +yn262 +yalyna6n+zn, 
where 60 is a n overall m e a n , δι the main effect of gender, 62 the main effect of 
ethnicity, a n d 612 the interaction effect between gender and ethnicity. The residual 
εη has a normal distr ibution with a m e a n equal to zero a n d a variance o 2 . The 
reason to opt for the aforementioned latent l inear model (i.e., θ instead of Θ) is that 
it can be applied in s i tuat ions in which individuals are administered different 
items. Moreover, the residual, επ, is not contaminated by the est imation errors for 
the individual ability est imates . In order to perform the structured analysis, it was 
as sumed t h a t the ability in the different subpopulat ions that can be formed on the 





, is t h e s a m e in each subpopulat ion In addition, the effect of a n artificial variable 
t h a t combines a child's school s t r a t u m and DMT quartile score was included in 
order to avoid the causat ion of specification errors by the unbalanced sample 
After the s t ructural model was estimated, it was at tempted to approximate the 
word-decoding development of the children with a growth curve In order to 
d e s c n b e the m e a n growth in the ability of the children over time, the marginal 
m e a n s were first estimated via the use of the conditional m e a n s provided by the 
s t ructura l model and the known true distribution of word-decoding ability in the 
target population The marginal means were est imated on the original ability scale 
Next the following linear regression model was estimated us ing the least squares 
method 
(3 3) Θ, „ - 6 0 + 6 , 1 / , + ε , „, 
where 6o represents the (initial) level parameter, a n d 6i represents the growth rate 
parameter , while the basic function for the growth rate parameter yt, t = 1, 2, , T, 
represents a n elementary function of time (1 e , m e a s u r e m e n t occasion), and ε; is a 
time-specific residual Finally, it was examined whether or not the fit of the linear 
growth curve could be improved with the addition of the quadratic term of 
m e a s u r e m e n t occasion, yf, to the model The fit of the linear a n d quadratic growth 
curve was assessed on the basis of the corresponding i?-square value 
3.3. Results 
3.3.1. Dimensionality of word-decoding ability 
As already mentioned, the GPCM was first estimated for the monosyllabic (IS), 
bisyllabic (2S), polysyllabic (3S), and loan words (LW) separately The calibration 
resul t s initially showed a misfit of the items to the models Hardly any S-test was 
greater t h a n 50, and the Rlc contributions were also far too high in view of the 
n u m b e r of deviates A remarkable s t ructure in the Rlc contributions for the 
different combinations of modules (henceforth denoted as "booklets") was apparent , 
however For each of the four scales, the magnitude of the Rlc contribution was 
largely determined by the two booklets administered to the first graders The initial 
calibration results t h u s indicated a sort of multidimensionality between grade 1 
a n d the grades 2 through 6 Closer examination of the results showed many of the 
item characterist ic curves as estimated on the basis of the grade 1 through 6 d a t a 
indeed to differ from the curves as estimated on the basis of the grade 2 through 6 
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data. The fit of the models, moreover, appeared to improve considerably when 
particular first grade data - that is, all of the data from the first measurement 
occasion and the weak sample's data from the second measurement occasion -
were omitted from the calibration. In light of these results, it was decided to omit 
this data from any further calibration. As already noted earlier, the GPCM can only 
be accurately estimated when all of the items have a sufficient number of 
observations. With the omission of the first grade data, however, the number of 
observations for the items in modules 1 and 2 became too small (< 300) to estimate 
the GPCM with sufficient accuracy. In addition, the number of observations for the 
items in the last module, namely module 9, was too small to start with, which 
means that decoding modules 1,2, and 9 were also omitted from all subsequent 
analyses. 
The results of the new calibration for the IS, 2S, 3S, and LW items now 
showed the fit of the items to the models to be satisfactory. The distributions of the 
p-values for the S-tests turned out to be rectangular at the interval [0,1] and the 
ratios between the Rlc contributions and the number of deviates were acceptable: 
(IS) Rlc = 967, df = 663, ρ =.00; (2S) Rlc = 821, df = 619, ρ =.00; (3S) Rlc = 1331; 
df = 994, ρ =.00; and (LW) Rlc = 868, df = 590, ρ =.00. The LM-test of person fit 
further showed the different grades to produce response patterns that were likely 
in light of the given models. That is, when each complete item response pattern for 
a particular booklet was randomly split into two parts of equal length, the same 
ability parameter θ could account for the two partial response patterns in more 
than 95 percent of the cases. The complete results for the person fit analysis are 
presented in Table 3.1. It is important to note that the LM-tests were computed on 
the basis of all of the responses of the child together (i.e., the items scores for the 
first and second measurement occasions combined) in order to increase the power 
of the LM-tests. In Table 3.1, therefore, no distinction is made between the first and 
second measurement occasions for a grade. In addition, it is important to note that 
the proportion of significant LM-tests in a particular grade did not clearly differ for 
the mainstream children and the weak reading children, which shows both groups 
to behave according to the model. That is, the LM-test did not indicate 
multidimensionality between the mainstream children and the weak reading 
children. Although the responses for the weak reading children in first grade were 
not included in the calibration, the LM-test can also be computed for these children 
if the GPCM parameters are considered true for this group as well. Remarkably, the 
LM-test did not confirm the earlier observation of multidimensionality between the 
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In light of the initial calibration results , it can be as sumed that those word-
decoding items with a similar orthographic s t ructure measure a single ability in at 
least grades 2 through 6. Whether or not the four classes of word-decoding i tems 
measure qualitatively different aspects of word-decoding ability or reflect, in fact, 
the same underlying ability was next examined. First, the latent correlations were 
computed to explore the associations between the IS, 2S, 3S, and LW items. It 
should be noted that latent correlations are not a t tenuated by unreliability because 
they are computed directly via the use of the children's weighted sum scores and 
the GPCM item parameter estimates; they are usually a s high as .90 in cases of 
similar dimensions a s frequently found in the Dutch National Assessment Program. 
As can be seen from Figure 3.2, most of the correlations were greater than .90. It 
t h u s seems fair to a s sume that the IS , 2S, 3S, and LW scales indeed represent a 
single underlying dimension. 
For each grade, a two-factor principal axes factor analysis was next conducted 
on the matrix of polychoric correlations between 40 randomly selected i tems per 
grade; that is, 10 monosyllabic, 10 bisyllabic, 10 polysyllabic, and 10 loan word 
items. The factor analysis was conducted for each grade separately due to the 
incomplete testing design, and item selection was under taken to facilitate the 
interpretation of the factor solutions. The factor analyses were conducted on the 
real test da ta and on artificial test data generated in keeping with the GPCM, and 
the results were interpreted - as proposed by Drasgow and Lissak (1983) - us ing a 
modified parallel analysis, which essentially involves a comparison of the real 
factor solution to a simulated factor solution that is known to be unidimensional . 
In order to generate artificial test da ta for each grade, an ability for a simulée, Qv, 
was randomly drawn from a normal ability distribution as estimated with the 
Marginal Maximum Likelihood (MML) for the real calibration sample. Next, at each 
exposure, a random number q was drawn from the interval [0,1] and the GPCM 
was then evaluated. Simulée υ received an item score of 2 on item j if ρβ(θν) < q < 
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ρρ{θυ), a n item score of 1 if ρρ(θυ) < q i Ρβ(θυ), a n d a n item score of 0 if q < ρ/ο(θν) 
This procedure was repeated unti l the artificial d a t a sets contained exactly the 
same n u m b e r of score p a t t e r n s as the real d a t a sets 
Fig 3.2. Latent correlations between the monosyllabic (IS), bisyllabic (2S), 
polysyllabic (3S), and loan word (LW) scales 
In Table 3 2, the total a m o u n t of variance explained by the two factors in the 
real and simulated factor solutions is presented for the different grades Note t h a t 
the variance explained by the factors can be computed by s u m m i n g the squared 
factor loadings for all of the i tems included in the analysis As c a n be seen, the 
word-decoding items were clearly dominated by one factor in all of the grades The 
first factor accounted for a b o u t 90 percent of the total a m o u n t of explained 
variance The real a n d s imulated factor solutions also proved nearly identical This 
is of particular importance because the s imulated factor solutions were computed 
on the basis of a correlation matr ix t h a t is known to be unidimensional The 
simulated factor solutions m u s t therefore reveal a single factor, and every deviant 
solution c a n t h u s be at t r ibuted completely to m e a s u r e m e n t error The resul ts in 
Table 3 2 may nevertheless create the impression that the real factor solutions in 
grades 3 through 6 deviate to a certain extent from their corresponding s imulated 
factor solutions Closer examination of the real item factor loadings, however, 
showed a tendency for the 3S a n d LW items to load negatively on the second factor 
a n d the I S a n d 2S items to load positively on the second factor while this was not 
the case for the s imulated factor solutions It is ra ther likely that the small 
differences between the real a n d s imulated factor solutions in grades 3 through 6 
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is an artifact of the analytic method. Reckase (1981) has shown a predisposition for 
factor analyses with item intercorrelations to find so-called "difficulty" factors. 
Table 3.2 






































3.3.2. Towards a continuum for the development of word-decoding 
In light of the latent correlations between the four initial scales and the two-factor 
solutions found for each grade, it seems reasonable to conceptualize word-decoding 
ability as a unidimensional phenomenon and therefore to attempt to incorporate all 
of the word-decoding items into a single word-decoding scale. In order to construct 
a single continuum, the GPCM was estimated for all of the word-decoding items 
together. It should be kept in mind that modules 1, 2, and 9 were not included in 
the calibration study and that particular grade 1 data was omitted as well. In order 
to evaluate the fit of the items to the model, the distribution of the p-values for the 
S-tests, the Rlc values, and the distribution of the standardized item residuals 
were examined. Note that the standardized item residual is the difference between 
the observed item performance for a group of respondents and their expected item 
performance. In addition, it was checked whether invariant category parameters, 
ßji, were obtained with the GPCM. 
The p-values for the S-tests were rectangularly distributed at the interval [0,1] 
and the Rlc contribution turned out to be acceptable in view of the number of 
deviates, Rlc = 4269, df = 2879, ρ =.00. The expected distribution of the item 
residuals under the assumption of the GPCM is unknown although one might 
expect the distribution to be normal with mean 0 and standard deviation equal to 
1. Rather than assume a normal distribution, however, an empirical distribution of 
residuals was generated to interpret the real distribution of the residuals. In order 
to generate an empirical distribution of residuals, an artificial data set was initially 
generated for N= 10,000 simulées with θ ~ Ν{μ, a2) equal to the ability distribution 
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(estimated with MML) for the total calibration sample. Next, the item residuals were 
obtained and the empirical distribution of the residuals then formed. As can be 
seen from Figure 3.3, the real a n d s imulated distr ibutions of the s tandardized item 
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Fig 3.3. Frequency distributions of standardized item residuals 
for GPCM real and simulated data. 
The invariance property of the category parameters , ßyi, was further checked. 
To investigate the invariance of the category parameters , the total calibration 
sample was divided into two groups with different levels of ability, namely a group 
of weak readers (i.e., score < P25 on DMT) and a group of mains t ream readers . 
Next, the category parameters were est imated for the two groups of readers . The 
discrimination parameters , q,, were held constant . If the GPCM fits the data , a 
linear relation should appear between the est imated category parameters for the 
two groups even if the groups differ in some respect (Lord & Novick, 1968). The 
category parameters for both score category 1 and score category 2 a s est imated for 
the weak group of readers were linearly related to the category parameters as 
estimated for the mains t ream group of readers . The correlations found were for the 
category 1 and category 2 parameters .96 and .95, respectively. It can t h u s be 
concluded that item parameter invariance was obtained with the GPCM. The 
correlations, moreover, favor the assumpt ion tha t word-decoding is the same for 
both weak and mains t ream readers. 
In order to evaluate whether the responses of the children at the different 
grade levels follow the GPCM, the LAi-test of person fit was computed for each 
respondent. In contrast to the former person fit analysis , however, the LM-test was 
now formulated in terms of a specific hypothesis . That is, whether or not the 
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response behavior on the I S a n d 3S items is described by the same ability 
parameter as the response behavior on the 2S and LW items was explicitly tested. 
All of the item response pa t te rns were t h u s split into two par t s with length 
depending on the n u m b e r of items administered in a specific word class. The 
person fit analysis showed the n u m b e r of aberrant response pat terns to be 
acceptable. In first grade, 1.45% (plM = .52) of the children h a d a significant LM-
test; in second grade, 5.29% (pLM = .52); in third grade, 5.58% (pLU= .50); in fourth 
grade, 2.72% (p, M = .54); in fifth grade, 4.00% (pLU= .48); a n d in sixth grade, 5.33% 
( p / w = .47). For more t h a n 9 6 % of the children, the same ability parameter could 
account for the two sets of i tems. Again no differences were found between the 
weak reading group of children and the mains t ream group of children. It is 
important to note that the LM-test cannot be computed if the ML estimate of ability 
does not exist (because of 0 scores on all items) which held for a relatively large 
n u m b e r of the first graders. 
3.3.3 . Structure of the word-decoding continuum 
The goodness-of-fit analyses for the entire collection of word-decoding items to the 
GPCM showed the IS, 2S, 3S, and LW items to represent a single underlying 
dimension. Furthermore, the children in all of the elementary grades appeared to 
produce score pat terns that were likely given the GPCM. It is nevertheless still 
possible that children master the reading of I S , 2S, 3S, and LW items at more or 
less different phases in their development. If children should indeed master the 
reading of part icular words at different points in their development, then one could 
expect the word-decoding scale to have a s t ructure t h a t reflects this. In order to 
examine the s t ructure of the word-decoding scale, the Fisher information function 
was first determined for each item (Samejima, 1974). The item information function 
expresses the contribution that a specific item j can make to the precision of the 
m e a s u r e m e n t across the range of Θ. For each word class, the corrected test 
information function (i.e., corrected for unequa l n u m b e r s of items within a word 
class) was next derived by averaging the relevant item information functions. The 
test information functions for the IS, 2S, 3S, and LW items are presented in Figure 
3.4. As can be seen, the information functions for the 3S and LW items are more or 
less identical while the information functions for the I S a n d 2S items deviate 
somewhat and find their m a x i m u m slightly earlier along the θ cont inuum. 
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Fig 3.4. Corrected test information fiinctions for the monosyllabic (IS), bisyllabic (2S), 
polysyllabic (3S), and loan word (LW) items. 
The implications of the small differences between the four information 
functions were further examined with the aid of domain scores. A domain score is 
computed as the expected weighted t rue proportion correct that a respondent 
would obtain if given every item in a pool; a domain score can range from 0 to 100 
percent (see, for example, Dorans, 2000; Hambleton, Swaminathan, & Rogers, 
1991). Given that the items in the present s tudy are scored polytomously, the 
domain scores receive a slightly different interpretation. Higher domain scores 
suggest that many of the words within a class can be read fluently (i.e., k = 2) while 
lower domain scores suggest that the reading of many of the words within a class 
has not as yet been automatized. In Figure 3.5, the expected proportions of 
children who are noi able to read a part icular word class fluently in a part icular 
grade when the cut-off score for automatized reading is set at 80 percent Eire 
depicted. It should be noted that only the children from the mains t ream sample are 
presented in order to avoid distortion of the resul ts . As can be seen, the I S and 2S 
items are fluently read earlier in the reading development of the children t h a n the 
3S and LW items. In addition, the proportion of the children who can hardly read 
any words fluently appears to rapidly decrease during second grade but , even after 
second grade, there is still a small group of children who experience extreme 
difficulties with fluent word-decoding. 
3.3.4. Rate of development across elementary grades 
The GPCM scale was used to explore the rate of developmental change dur ing the 
elementary education period. First, a s t ructura l analysis was conducted to explore 
the rate of change in mean ability across the successive measurement occasions 
75 
Chapter 3 
for all of the children together. The analysis was performed with a software package 
for the s t ructura l analysis of univariate latent variables (Verhelst & Verstralen, 
2002). Note that this analysis essentially est imates conditional m e a n s according to 
a linear s t ructura l model. The resul ts showed the children's word-decoding ability 
to strongly increase from the first m e a s u r e m e n t occasion in grade 1 (i.e., the 
reference category) to the final m e a s u r e m e n t occasion in grade 6, δ = 4.459, ζ = 
32.807, κ = 3.700. In this, 6 is the value of the difference between the means in 
ability (here between grade 1 a n d 6), ζ is the normal deviate which can be used for 
testing the significance of the effect, a n d finally, κ is the effect size (Cohen, 1988). 
The increase in word-decoding ability for adjacent m e a s u r e m e n t occasions, 
however, turned out to be ra ther capricious. The mean ability at the beginning of 
third grade was remarkably high relative to the mean ability a t the beginning of 
second grade (δ = 1.889, ζ = 16.716, κ = 1.567), and the mean ability in sixth grade 
was found to decrease significantly during the course of the year (δ = -.911, ζ = 
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Fig 3.5. Expected proportion of children showing unaulomatized reading of 
particular word classes according to grade. 
It is very possible tha t the capricious developmental pa t terns for all of the 
children analyzed together are caused by differences in development related to the 
background variables of gender (boys vs. girls), ethnicity (Dutch vs. non-Dutch), 
a n d / o r home language (Dutch vs. other language). For this reason, the 
relationships between word-decoding development and the hypothesized predictors 
of change were formalized in a number of different models. The initial resul ts 
revealed a small effect of gender with boys as the reference category, δ = .346, ζ = 
4.138, κ = .160, which was independent of the effect of m e a s u r e m e n t occasion. No 
statistically significant effects were found for either ethnicity with non-Dutch as the 
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reference category, δ = -.134, ζ = -.979, κ = -.070), or home language with Dutch a s 
the reference category, 6 = -.055, ζ = -.456, κ = -.029. Additional analyses showed 
the differences between the boys and girls to be relatively cons tant over time. That 
is, none of the first-order interactions between m e a s u r e m e n t occasion a n d gender 
proved significant at ρ < .05. Gender, ethnicity, a n d home language, t h u s , c a n n o t 
be considered relevant predictors of word-decoding development. The final model 
should nevertheless include the main effect of gender in addition to the main effect 
of m e a s u r e m e n t occasion. The effect parameter s for the final model are presented 
in Table 3.3. It should be noted that the m e a s u r e m e n t occasion at the end of grade 
1 is the reference category and t h a t the effects between successive m e a s u r e m e n t 
occasions can be determined by calculating the difference between the effect 
parameters (δ) or effect sizes (κ) of interest. 
Tobte 3.3 
Main effects of measurement occasion 





















































Note. The additional gender effect (girls vs. boys) is .192 (κ = .160) 
Following the modeling of the word-decoding progress with the aid of 
s t ructural analyses, it was at tempted to obtain a description of the development of 
word-decoding ability over time. In order to model word-decoding progress a s a 
function of time, the marginal m e a n s were initially est imated on the basis of the 
conditioned m e a n s provided by the s t ructura l model and the known true 
distribution for word-decoding ability in the target population. The marginal 
means , as estimated after the reweighting, are presented in Figure 3.6. The m e a n s 
are not presented for the boys and girls separately because only systematic 
differences were apparent; t h a t is, the boys a n d girls show the same rates of 
development. Furthermore, the s tandard errors for the marginal m e a n s were 
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omitted because they could not be computed in a satisfactory m a n n e r (cf. Verhelst 
& Verstralen, 2002). After estimation of the marginal means, it was at tempted to 
approximate the word-decoding development by a first-order or second-order 
growth curve using the least squares method. Although the linear curve provided 
a n acceptable description of word-decoding development over time, 61 = .16, i(9) = 
8.00, ρ < .01; R2 = .88, .FU 1,9) = 63.95, ρ < .01, the quadrat ic curve provided a more 
adequate description, δι = .35, ί(8) = 6.00, ρ < .01; öa = - .02, ί(8) = 3.41, ρ < .01; R2 
= .95, ^2,8) = 75.65, ρ < .01 . The quadrat ic curve for word-decoding development 
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Fig 3.6. Development of word-decoding ability across Dutch 
elementary school grades. 
3.4. Conclusions and discussion 
The present results show t h a t word-decoding development can be conceptualized 
as unidimensional and cont inuous for at least elementary grades two through six. 
The resul ts of factor analyses showed the word-decoding test to be dominated by a 
single factor; for cdl of the grades, the first factor accounted for about 90 percent of 
the total a m o u n t of explained variance. The results of the analyses performed from 
the perspective of item response theory further showed the initially constructed 
scales (i.e., the monosyllabic, bisyllabic, polysyllabic, and loan word scales) to be 
strongly related and reflect a single underlying word-decoding ability. Moreover, the 
responses from all of the children across the different grade levels followed the item 
response model. Despite the fact t h a t the results showed the four word classes to 
not appeal to qualitatively different underlying abilities and the children to produce 
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"likely" response patterns, the results also showed a tendency for the children to 
master the reading of monosyllabic, bisyllabic, polysyllabic, and loan words 
successively as overlapping waves. 
It is not yet clear whether the continuum for word-decoding applies to all 
children in first grade or not. The calibration failed when the data for all of the first 
graders were initially included in the analyses. The fit of the item response model 
improved considerably when particular first grade data - that is, all of the data 
from the first graders on the first measurement occasion and only the data from 
the weak first-grade readers on the second measurement occasion - were omitted. 
In the final analyses, thus, only the data from the mainstream children at the end 
of first grade were included in the calibrations. Remarkably, the person-fit analyses 
conducted later on the weak reading children in first grade did not confirm the 
"aberrant" nature of their word-decoding. By the end of first grade, that is, both the 
specially selected weak readers and the randomly selected mainstream readers 
generally produced score patterns that were likely in light of the item response 
model. It is possible that the person-fit analyses did not confirm the observation of 
multidimensionality for the specific groups of children in first grade due to the 
power of the LM-test, which is strongly affected by test length (cf. Glas & Dagohoy, 
2007). Nevertheless, the calibration results clearly show between-group multi-
dimensionality in first grade, which suggests a qualitative transition in the 
development of children's word-decoding. Evidence for a qualitative transition in 
grade 1 has Eliso been found in a recent study by Kaplan and Walpole (2005) when 
they conducted a latent class analysis and found first graders to progress from a 
so-called advanced phonological processing class to an early word-decoding class 
(i.e., non-fluent reading) and then to an early reading comprehension class (i.e., 
fluent reading). 
The test information functions and the expected domain scores suggested that 
major transitions in the word-decoding abilities of children are likely to occur after 
first grade as well. However, in contrast to the qualitative transition in first grade, 
these transitions are of a largely non-qualitative nature. It can be argued that a 
transition occurs somewhere during second grade as the number of children who 
cannot read any word fluently appears to decrease drastically at this time. This 
decrease suggests that, during second grade, children may start to use larger units 
to identify words (e.g., Duncan, Seymour, & Hill, 2000). It can be argued as well 
that during the initial stages of word-decoding, children gradually progress from 
the reading of monosyllabic words to the reading of bisyllabic and polysyllabic 
words (see Figure 3.5). These transitions are probably also related to the storage of 
more and more word spellings in memory, which allows readers to increasingly 
operate with multiletter units. Numerous other studies have also shown word 
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length to be an important factor in the reading of words (e.g., Aghababian & Nazir, 
2000; Ferrand, 2000; Hudson & Bergman, 1985; Jared & Seidenberg, 1990; 
Rayner, Sereno, & Raney, 1996; Vitu, OTtegan, & Mittau, 1990; Weekes, 1997). 
The present study nevertheless clearly shows words of different orthographic 
complexity to appeal to one and the same ability. 
Taken together, the present results suggest that models of word recognition 
that postulate a single computational system or mechanism for the naming of 
words provide a suitable framework to describe word-decoding development in 
grades 2 through 6 (Harm & Seidenberg, 1999; Seidenberg & Mc-Clelland, 1989; 
Plaut, McClelland, Seidenberg, & Patterson, 1996; Van Orden, Pennington, & 
Stone, 1990). In such a system, computations Eire based upon the interactions 
between phonological, orthographic, and semantic units with weights assigned to 
the various connections depending upon the system's learning experience. The 
present results, thus, speak against the assumption of dual-route models for visual 
word recognition and reading aloud (Coltheart et aL, 1993; Coltheart, Rastle, Perry, 
Langdon, & Ziegler, 2001). As the name says, dual-route models postulate two 
qualitatively distinct alternatives for the pronunciation of a word: a lexical 
procedure, which is responsible for the access of a lexical representation and the 
reading of the stored pronunciation aloud, and a sublexical procedure, which is 
responsible for the gathering of successive grapheme-phoneme mappings in order 
to reach a pronunciation. Evidence for the two distinct procedures posited within 
the dual-route models was only then obtained when the word-decoding items used 
in this study - with both regular (e.g., "snelweg" [snelwex]) and exceptional (e.g., 
barbecue) pronunciations - could not have been incorporated into a single scale for 
word-decoding ability. 
In addition to the dimensional structure of children's word-decoding 
development, the rate of developmental change across the elementary school period 
was also examined in the present study. The results of the structural analyses 
showed the children's word-decoding ability to clearly increase from the end of 
grade 1 through the end of grade 6. Gender, ethnicity, and home language were not 
of particular relevance for the predication of the rate of development. When a 
growth curve analysis was conducted for the entire population of children together, 
the overall development of the children's word-decoding was best approximated by 
a polynomial curve of degree two. While the computed growth curve accounted for 
94 percent of the variance, however, the growth in the children's word-decoding 
was still difficult to capture precisely as the children's word-decoding underwent a 
remarkable spurt during grade 2 and the mean ability at the end of grade 6 was 
also lower than the mean ability at the beginning of grade 6. The assumption that 
the automatization of word-decoding gets started during the course of second grade 
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explains the strong degree of development between the end of grade 2 and the 
beginning of grade 3. The decline during grade 6 is likely to be due to a ceiling 
effect as the greater part of the children in grade 6 indeed showed highly 
"automatized" word recognition (i.e., domain scores > 80 percent, see Figure 3.5). 
In other studies of the development of children's word-decoding, a declining 
trend across grades has also been reported (e.g., Aamoutse, van Leeuwe, Voeten, & 
Oud, 2001; Compton, 2000; Francis et ai., 1996). The development of children's 
word-decoding can thus be characterized in terms of a quadratic curve. However, it 
is important to realize that development is always defined in terms of a particular 
test and that children can show very different patterns of development depending 
on the operationalization of a particular construct for measurement. For this 
reason, it can be argued that the present polytomous scoring rules for word-
decoding should be modified in such a manner that they are more sensitive to 
change both in and Elfter grade 6 as well. One possibility is to simply add a fourth 
scoring category. The cut-off scores might also be changed. Such considerations 
were already taken into account when determining the nature of the scoring rules 
for the present study, however (see statistical analyses section). It was attempted to 
estimate the item response model using four scoring categories or more severe or 
lenient cut-off scores, that is, but all attempts yielded models that did not fit the 
data sufficiently. A floor effect in the early grades or a ceiling effect in the upper 
grades thus appeared to be inevitable. 
An important issue is whether the progressive demasking technique of 
Grainger and Segui (1990) constitutes a valid measure of word-decoding ability or 
not. While the item response theory analyses showed all of the items to relate to 
the same underlying construct, just which ability the items measure is not as yet 
fully clear. For example, it can be hypothesized that the progressive demasking 
technique measures not only word-decoding ability but also reaction speed and 
thereby unintentionally places certain children at a disadvantage to start with. The 
extent to which the present operationalization of word-decoding resembles other 
widely accepted operationalizations (i.e., the degree of convergent validity for the 
present operationalization) has already been examined, however. On all of the 
successive measurement occasions, the correlation between the present word-
decoding test and the oral three-minute word-decoding test by Verhoeven (DMT, 
1995) was found to be around .75. In other words, there are no indications as yet 
that the progressive demasking word-decoding test yields questionable word-
decoding scores and therefore does not measure what it is intended to measure. 
A possible limitation on the present study is that the development of the 
children's word-decoding was considered cross-sectionally. A static model, that is, 
was used to model the development of word-decoding. A dynamic longitudinal 
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approach in which the different measurements can be more explicitly related to 
each other over time should therefore be considered in future research. When 
word-decoding ability is measured on four occasions, for example, an 
autoregressive model can be applied to examine the extent to which ability on a 
previous measurement occasion predicts ability upon a later measuremen t 
occasion (see, for example, Jöreskog, 1970). Another possibility is the use of latent 
growth curve models (see, for example, McArdle & Epstein, 1987; Meredith & 
Tisak, 1990). In such a model, repeated measures are used to estimate a single 
underlying growth trajectory for each person across time. The parameters for such 
models, however, could not be est imated within the context of the present s tudy 
due to the cross-sectional na ture of the research design. 
The present s tudy h a s some important implications for both the design of 
school curricula and school tests. It is generally a s sumed tha t instructional 
practices are most effective when developmentally appropriate and that curr icula 
should therefore be geared to children's knowledge and preferred modes of 
thinking. Stage theories typically guide the development of instructional materials 
for the teaching of reading. In view of the present resul ts , however, it is doubtful 
tha t special reading curricula that currently advocate a piecemeal approach really 
fit young children's knowledge and are thus more effective than other curricula. Of 
course, every reading curr iculum should initially focus on the learning of letter 
names and their associations with phonemes but , following the acquisition of this 
basic knowledge, the curr iculum should pay attention to the reading of different 
types of words with different levels of orthographic complexity. Tests of word-
decoding should similarly encompass a variety of word types with different levels of 
orthographic complexity right from the beginning bu t nevertheless with an eye to 
the child's level of mastery (see Figure 3.5). In addition, it can be argued that a 
single score for decoding ability should be reported ra ther than multiple scores tha t 
represent "so-called" subaspects of word-decoding as these really measure the 
same underlying ability and are therefore not necessary. That is, the present s tudy 
has provided clear evidence for a single ability underlying children's decoding 
performance in a language with a ra ther regular orthography such as Dutch. 
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Spelling development throughout the elementary 
grades: The Dutch case3 
The purpose of the present s tudy was to explore Dutch spelling development 
throughout the elementary grades Two issues were considered (a) dimensional 
s t ructure over time, and (b) rate of change Whether the rate of change differs 
depending on gender, ethnicity, or word-reading skill was examined in part icular A 
pseudo-longitudinal da tase t with the responses of more t han 1300 children to five 
different sets of 120 spelling items was analyzed Factor analyses showed that 
spelling ability can be conceived as a unidimensional ability for grades 2 through 6 
This result was then confirmed by the resul ts of analyses from the perspective of 
item response theory al though the children showed a tendency to mas te r specific 
types of spelling problems during different - partially overlapping - periods in their 
development Structural analyses further showed the children's spelling ability to 
systematically increase from the beginning of second grade through to the end of 
sixth grade Whereas word-reading skill level was an important predictor of spelling 
growth, gender and ethnicity did not have a significant influence 
3
 The corresponding reference is Keuning, J & Verhoeven, L (2008) Spelling development 
throughout the elementary grades The Dutch case Learning and Individual Differences, 




It is generally a s sumed that the child's ability to spell is influenced by a variety of 
skills. Phonological skills appear to be critical (Gentry, 1982; Henderson & Beers, 
1980) in addition to orthographic knowledge (Templeton & Morris, 2000), 
awareness of morphological s t ruc tures (Treiman, Cassar , & Zukowski, 1994), and 
knowledge of spelling rules (Rittle-Johnson St Siegler, 1999). One popular 
conception of spelling development is tha t the skills and strategies that are 
acquired during the learning process follow a sequence of qualitatively distinct 
stages in which different sources of knowledge are used (Ehri 1986, 1992; Frith 
1980; Gentry, 1982; Henderson & Beers 1980; Templeton & Bear 1992). Both 
Gentry (1982) and Ehri (1986, 1992) have distinguished five stages for spelling 
development: (a) the precommunicative stage, (b) the semiphonetic stage, (c) the 
phonetic stage, (d) the transitioned or morphemic stage, and (e) the correct stage. 
Each stage is labeled such tha t it reflects the predominant information and 
strategies used at tha t stage of development. It is suggested that children initially 
combine letters and letter like symbols in a relatively haphazard manner without 
showing systematic knowledge of let ter-sound correspondences. During the second 
stage of spelling development, children use their knowledge of letter names to spell, 
bu t their written word representat ions do not yet consti tute a complete mapping of 
the sound s t ruc tures of words. The sound-out strategy is considered characteristic 
of the third spelling stage: All of the sounds in a word are represented by letters, 
bu t the children do not show full knowledge of orthographic conventions. In the 
fourth spelling stage, children demonstra te their growing knowledge of basic 
spelling pat terns , orthographic conventions, and morphological relations in their 
spellings. Finally, children enter the fifth stage of spelling development when both 
the phonological, orthographic, and morphological aspects of spelling competence 
are mastered. 
Other theories that postulate spelling development to occur in a stage-like 
manne r have clear synergies with that of Gentry (1982) and Ehri (1986, 1992), but 
have posited the existence of slightly different stages. For instance, Templeton and 
Bear (1992) and Henderson (1992) have extended the phonetic and transitional 
stages to describe different phonological and orthographic characteristics within 
words, across syllables, and across morphemes. In addition, some stage theories 
do not subsume a qualitatively different "correct" stage, recognizing that correctly 
spelled words are not necessarily spelled us ing qualitatively different information 
and strategies from incorrectly spelled words. All stage theories, however, presume 
a transition from relying on phonological properties of words to recognizing and 
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representing orthographic and morphological regularities and rules. Furthermore, 
the different stage theories have the common feature that the stages of 
development are qualified by the static and consistent use of one single strategy to 
solve the spelling problem. Stage theories, thus, conceptualize transitions from one 
stage to another as instant qualitative changes in the use of strategy and involve 
children to spell words fundamentally differently in the successive stages of 
spelling. According to stage theory, therefore, the development of spelling ability 
should be conceived as a discontinuous and multidimensional process, reflecting 
instant developmental changes in children's information and strategy use. 
Theories that conceive spelling development as proceeding through a series of 
distinct stages are not without controversy. It can be argued, for instance, that a 
stage description of spelling development does not fully capture the complexity of 
learning to spell. More importantly, the depth of children's knowledge of the 
spelling system of a language and the variety of knowledge sources and strategies 
that children can use to spell are not taken into account within such a stage 
approach to the development of spelling (Treiman & Cassar, 1997; Vamhagen, 
McCallum, & Burstow, 1997). Therefore, some researchers have suggested that the 
variability of strategy use in spelling may be better described in terms of the 
generili learning framework of overlapping waves as proposed by Siegler (2000). In 
essence, the theory of overlapping waves is based upon three key components: (a) 
abundant variability, (b) adaptive choice, and (c) gradual change. During the 
learning process, that is, children develop a broad repertoire of spelling strategies 
where they can adaptively choose from at given times in the development (Bowman 
& Treiman, 2002; Rittle-Johnson & Siegler, 1999), but over time, gradual changes 
in the frequency of the use of particular strategies may occur (Steffler, Vamhagen, 
Treiman & Friesen, 1998; Vamhagen, McCallum & Burstow, 1997). The 
overlapping waves model, thus, endorses the use of multiple strategies to problem-
solving and shifts in strategy performance, but clearly denies the consistent and 
static use of only a single strategy at a particular point in the development of 
children's spelling ability. According to overlapping waves theory, therefore, the 
development of spelling ability should be conceived as a continuous and 
unidimensional process, reflecting gradual improvements in children's 
phonological, orthographic, and morphological knowledge. 
The discrepancies between the stage and overlapping wave approaches to 
children's spelling development raise the question of whether spelling ability 
should be conceptualized as a multidimensional or unidimensional phenomenon. 
As stated, the stage-to-stage approach entails multidimensionality because the 
process of spelling development is conceptualized as proceeding through a series of 
qualitatively distinct stages in which different knowledge sources are involved. 
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Multidimensionality may arise between or within groups of children. The presence 
of multidimensionality between groups of children means tha t test i tems measure 
different things for members of one group as opposed to members of another. The 
test i tems, t h u s , reflect more than one dimension of individual difference variation. 
According to stage theories one would expect this type of multidimensionality to 
arise between the different grade levels. The presence of multidimensionality within 
groups of children means tha t even when data from a single group are considered, 
test i tems measure different a t t r ibutes . Although not directly implied by stage 
theories, this type of multidimensionality may arise between words that require the 
application of different spelling strategies; for example, analogy-based words may 
appeal to another knowledge source for spelling than rule-based words. In contrast 
with stage theories, the overlapping waves approach to spelling development 
postula tes one single knowledge source for spelling in which various strategies 
compete with each other over prolonged periods of time. Changes in strategy use 
may occur, bu t these are gradual and have varying rates . According to overlapping 
waves theory, t hus , grade levels may certainly differ in strategy use , but children's 
spelling development can still be seen to consti tute a unidimensional and 
cont inuous learning process. The resul ts of a few studies provide empirical support 
for the overlapping wave theory of spelling development. Varnhagen et al. (1997), 
for example, did not find any empirical support for developmental stages that 
adequately characterize the development of children's spelling ability throughout 
the elementary school grades. In other research, Treiman (1993) showed even 
beginning spellers to largely unders tand the relations between phonemes and 
graphemes, orthographic conventions, and morphology. 
4.1.1. Modeling spelling development 
Obviously the issue of dimensionality is critical for the modeling of developmental 
trajectories. In the case of multidimensionality, a relatively complicated explanatory 
model with predictive relationships between the various skills is called for. In the 
case of unidimensionali ty, an autoregressive model may be best suited for the 
predication of spelling ability over time. Model selection, however, is not the only 
issue of concern here. At least two other issues mus t be taken into consideration 
for modeling purposes . The first issue concerns the question of how to measure 
spelling ability over time. Administration of the same test on successive 
measuremen t occasions is obviously not an option. Apart from the question of 
whether the same test can be administered twice to the same person and t h u s give 
rise to possible memory effects, it is simply not meaningful to administer the same 
test in the lower as well a s the upper grades of elementary school. If different 
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spelling tests are used, however, the question of whether the different indicators 
relate to the same underlying skill in the same manner over time quickly arises 
(Horn & McArdle, 1992). 
The second fundamental issue for the modeling of spelling development is 
whether or not differences exist in the developmental spelling trajectories of 
children and, if so, the extent to which the differences are systematic and thus 
characteristic of specific groups of children. It is certainly possible that a single 
growth model cannot adequately characterize the spelling development of all 
children. To start with, different growth patterns may be observed in relation to 
differences in gender and ethnicity. Previous studies have shown, for example, that 
girls tend to obtain higher spelling scores than boys (Allred, 1990). Similarly, 
children from linguistic minorities have been shown to often lag behind their 
monolingual peers with regard to spelling over the years (Verhoeven, 2000). In 
numerous other studies, moreover, word-reading skill has been found to influence 
children's spelling development. Caravolas, Hulme, and Snowling (2001) found 
word-reading to greatly fuel spelling progress during later development, and 
Foorman, Francis, Novy, and Liberman (1991) even demonstrated a reciprocal 
relationship between reading and spelling. The growth trajectories of poor versus 
good readers can thus be expected to differ significandy. 
4.1.2. The present study 
The purpose of the present study was to explore the spelling development of 
children in the Netherlands throughout the elementary school period on the basis 
of a spelling test with 20 different modules specifically tailored to grade and 
subsuming four Dutch spelling classes: phonetic, analogy-based, rule-based, and 
visually imprinted patterns of spelling. It was attempted to answer to the following 
questions: 
1. Can the spelling development of children across the elementary school 
grades be conceptualized as a unidimensional and continuous learning 
process? 
2. To what extent does the mastery of the four types of Dutch spelling 
patterns occur in a stepwise manner? 
3. What is the rate of change in spelling ability across the elementary school 
grades, and to what extent can interindividual differences in change be 
explained by such factors as gender, ethnicity, or word-reading skill? 
Generally, this type of questions have been addressed in (quasi-)experimental 
research designs in which the items presented to participants are carefully chosen 
such that they represent particular spelling classes that are of concern to the 
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experimenter. Via the use of refined error analyses and classification systems it has 
been attempted to find evidence in favour of either a stage or an overlapping waves 
characterization of children's spelling development. In the present study, the issue 
of spelling development was addressed within the framework of item response 
theory (see, for example, Lord, 1980; Hambleton, Swaminathan, 1985; Van der 
Linden and Hambleton, 1997). Item response theory is particularly well suited to 
examine whether the 20 different tailor-made spelling modules relate to underlying 
ability in the same manner. In other words, it can be examined whether a single 
dominant ability can account for children's item performance or whether more than 
one ability is necessary. In addition, item response theory allows a broad range of 
interpretations at the item level. The contribution that items make to the precision 
of the measurement along the ability range can be expressed, and furthermore, 
item response theory provides an excellent basis to predict how children 
throughout the elementary grades perform on particular test items. 
4.2. Method 
4.2.1. Participants 
For sampling purposes, the Dutch population of elementary schools was divided 
into three strata on the basis of the mean formation weight for the children in the 
schools. The formation weight for a child is based upon ethnic origin, SES, and 
educational level of the parents and used by the Dutch government to determine 
educational funding. A child can be classified into five different categories: 1.25 for 
Dutch working-class children, 1.40 for barge children in a boarding school or foster 
home, 1.70 for children from the traveling population, 1.90 for children with low 
educated parents of non-Dutch origin, and 1.00 for all other children. Schools with 
a mean formation weight that was greater than 1.20 were included in stratum 3; 
schools with a mean formation weight between 1.01 and 1.20 were included in 
stratum 2; and the remaining schools were placed in stratum 1. A stratified 
random sample of schools was then drawn according to the true distribution in the 
population of elementary schools; that is, 62.5 percent from stratum 1; 24.4 
percent from stratum 2; and 13.1 percent from stratum 3. The strata 
classifications of the schools were taken into account during the selection 
procedure, which meant that the final sample of 67 schools was representative 
with regard to mean formation weight. In other words, different social classes were 
represented by the sample of schools and the relative share of each social class in 
the sample was representative for their true share in the population. The schools 
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also varied substantial ly in size and all regions of the Netherlands were represented 
in the sample. 
A total of 1308 children participated in the study: 243 from grade two (125 
boys, 118 girls); 261 from grade three (130 boys, 131 girls); 275 from grade four 
(125 boys, 150 girls); 286 from grade five (147 boys, 139 girls); and 243 from grade 
six (142 boys, 101 girls). At the first time of testing, the second graders ' mean age 
was 7.8 years (SD = 0.56), the third graders ' mean age was 8.8 years (SD = 0.50), 
the fourth graders ' mean age was 9.8 years (SD = 0.55), the fifth graders ' mean age 
was 10.9 years (SD = 0.52), and the mean age of the children in grade 6 was 11.9 
years (SD = 0.54). Half of the children for each grade was selected randomly. The 
other half was selected on the basis of weak word-reading test scores. That is, 
children with a percentile rank between 1 and 25 on a widely used word-reading 
test in the Netherlands (Verhoeven, 1995) were explicitly included in the sample. 
The randomly drawn children came from schools that participated with only one 
grade level (n = 25) while the "weak" children came from schools that participated 
with the grades two through six (n = 42). 
4 .2 .2 . Materials 
The spelling test involved 300 words distributed across 20 equally large modules of 
increasing difficulty. The test consisted of 84 monosyllabic, 133 bisyllabic, and 83 
polysyllabic words commonly known by young Dutch children with 58 of the words 
derived from a non-Dutch language. The words also represented four specific 
classes of Dutch spelling: 50 words from the phonetic class, 97 words from the 
analogy-based class, 86 words from the rule-based class, and 67 words from the 
visual-imprint class. The classes refer to the didactical approach that Dutch 
spelling methods generally u s e to teach children to spell. The phonetic class 
involved words that can simply be spelled by applying a phonological strategy 
because of fully consistent relationships between phonemes and graphemes (e.g., 
"pan" [pan] in Dutch). Words in the analogy-based class could be spelled via 
reasoning by analogy because of similar phonemes (e.g., -aai- in Dutch) or letter 
combinations (e.g., -cht- in Dutch). For the words in the rule-based class, the 
environment of the phoneme was determinative for the manne r of writing. The 
consonant doubling rule, for ins tance, prescribes that a consonant between two 
vowels mus t be doubled if the first vowel is short (e.g., "mug" [mcEx] becomes 
"muggen" [mcExafn)] in plural form). In addition to the consonant doubling rule, 
some other rules such as the vowel reduction rule could be in force in the rule-
based class. The visual-imprint class involved words that can only be learnt by 
memorizing them because current spelling rules do not apply and analogy-
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reasoning cannot offer a solution. The phonemes [ει], [au], and [i:] in Dutch, for 
instance, can be written in two ways: either -ij- or -ei-, -au- or -ou-, and -ie- or -i-. 
You just have to know which of the two alternatives is the correct one. 
The words in the analogy-based, rule-based, and visual-imprint spelling 
classes were equivalent for length in phonemes and length in letters. That is, the 
words contained on the average 7 letters and the classes consisted for about 20 
percent of monosyllabic words, 40 percent of bisyllabic words, and 40 percent of 
polysyllabic words. The number of syllables and letters for the words in the 
phonetic spelling class differed from the other three classes. The phonetic words 
contained on the average 5 letters and 70 percent of the words contained only one 
syllable. The deviating pattern of the phonetic spelling class was relevant to the 
frequency of the selected words in printed text. Polysyllabic words with a full 
phonologically transparent structure were found not very common in Dutch and for 
this reason the phonetic spelling class could reasonably not be composed in a 
similar manner as the other three classes. However, due to the relative emphasis 
on word frequency, the words in the four spelling classes were equivalent for 
frequency in printed text. More specifically, if word frequency was operationalized 
on the basis of the counts by Schrooten and Vermeer (1994), the four spelling 
classes were statistically equivalent, ^3,296) = 1.70, ρ = .167. Each of the 20 
spelling modules contained at least one representative of each spelling class. 
4.2.3. Procedure 
The spelling items (or target words) were presented orally in a short sentence. For 
instance: "We take the bus to school" ... write down ... "bus". Children were asked 
to spell the target words, in the example "bus", using the computer keyboard. Some 
of the letters with diacritics that are common in Dutch (e.g., -é- or -ë-) were 
presented on the computer screen by means of a button that could be reached with 
the computer mouse. In addition, a button was presented on the computer screen 
which enabled children to listen to the spelling item once more. By means of this 
button it could be avoided that children make mistakes just because they 
misunderstood the item. In a separate session, the spelling items were 
administered on a classroom basis in a dictation task requiring handwritten 
responses. The paper-based spelling administration was similar to the computer-
based administration with the only difference that the items in the paper-based 
mode were presented and scored manually (i.e., right or wrong) by a trained test 
administrator whereas in the computer-based mode this occurred automatically. 
Before both administrations children received 5 practice items and a short 
instruction. The same items were never presented twice to the same children. 
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During the 2 0 0 5 / 2 0 0 6 school year, all of the children in the sample were 
tested on two occasions: in both November (B) a n d April (E). Not all of the spelling 
modules were presented to all of the children a s administrat ion depended on the 
children's grade level. The design used to administer the modules is presented in 
Figure 4 .1 . Characterist ic for the used type of design is that , a l though the 
administration of modules was tailored to grade, considerable overlap in the 
administration of the modules also occurred for adjacent grades. So-called 
"anchors" or shared modules were t h u s established, which allows for vertical 
equating (see, for example, Petersen, Kolen, & Hoover, 1989; Harris & Grouse, 
1992). As can be seen in Figure 4 .1 , on each of the two m e a s u r e m e n t occasions, 
four modules with 15 items each were administered per child. Two of the four 
modules on an individual computer basis a n d the other two on a paper-and-pencil 
class basis. After the two m e a s u r e m e n t periods, a total of eight modules was t h u s 



















Fig 4.1. Design of spelling module administration. 
4.2.4. Statistical analyses 
The 20 spelling modules were calibrated us ing the two-parameter logistic item 






1 + ε χ ρ [ α 7 ( θ - β ; ) ] 
where q, is the discrimination parameter a n d ßj is the location parameter for item j . 
For a detailed description of the fundamental concepts and practical applications of 
this model and item response theory in general see, for instance, Lord (1980), 
Hambleton, Swamina than (1985) or Van der Linden and Hambleton (1997). Given 
favorable item calibration possibilities and a targeted testing design (Eggen, 2004), 
however, the 2PLM was est imated as a one-parameter logistic model by allowing for 
only a limited n u m b e r of fixed discrimination values (Verhelst & Glas, 1995). The 
calibration process was conducted in a stepwise m a n n e r in order to address the 
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different views of spelling development and the underlying dimensionality of 
spelling ability. 
It was first at tempted to estimate the 2PLM for the phonetic, visual-imprint, 
analogy-based, and rule-based classes of spelling items separately. The fit of the 
four estimated models was assessed using the item-oriented S-test and the overall 
i?2c-test (see Verhelst, Glas, & Verstralen, 1995). Whether the four scales could be 
incorporated into a single unidimensional scale of spelling ability or not was next 
examined. The latent correlations between the four initially estimated scales were 
computed and an exploratory factor analysis was performed on the matrix with the 
tetrachoric correlations between the items. Note that latent correlations are not 
a t tenuated by unreliability because they are computed directly on the basis of the 
children's weighted sum scores and the 2PLM item parameter estimates; the 
correlations are usually as high as .90 in cases of a similar underlying dimension. 
Given an incomplete testing design, the exploratory factor analyses were 
conducted per grade us ing the Principal Axes Method. In order to facilitate the 
interpretation of the factor results , only a subse t of the administered spelling items 
were included in the analyses. That is, a random selection of only 10 items was 
included for each of the spelling pat terns (i.e., the phonetic, visual-imprint, 
analogy-based, and rule-based word classes). The resul ts of the factor analyses 
were interpreted, as proposed by Drasgow and Lissak (1983), using a modified 
parallel analysis, which essentially involves a comparison of the real factor solution 
to a simulated factor solution generated unde r the assumpt ion of a particular item 
response model. 
After the underlying dimensionality of the da ta was established, a final 2PLM 
scale of spelling ability was estimated. The discrimination parameters , Qj, were 
selected such that their geometric mean equaled 3, and the location parameters , ßj, 
were estimated using the Conditional Maximum Likelihood method (CML). Within 
the context of the present study, CML estimation of the location parameters has 
the advantage that no assumpt ions about the distribution of ability have to be 
made and that , from the point of view of parameter estimation, random sampling of 
a specific distribution of respondents is not necessary (Andersen, 1972; Masters, 
1985; Rasch, 1960). The model fit was not only assessed using the available 
statistical tests in the software package (i.e., the S-test and flic-test; Verhelst, 
Glas, & Verstralen, 1995), but also by exploring the extent to which the property of 
invariance holds and the extent to which the model predictions are accurate (see, 
for example, Hambleton 06 Swaminathan, 1985). 
The final spelling ability scale provided the basis for exploring the growth of 
spelling throughout the elementary school years . To star t with, a univariate linear 
s t ructura l model for latent variables (e.g., Zwinderman, 1991, 1997; Fox & Glas, 
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2001, 2002; Verstralen & Verfielst, 2002) was u s e d to model the differences 
between the various groups of children. Suppose, for example, t h a t the spelling test 
is administered in a two-factor design defined by the nominal variables yi a n d j/2, 
and that θ
η
, η = 1, ..., Ν, represents the spelling ability. Then the following model 
could be considered to evaluate the main effects of yi a n d yi a n d their interaction 
(4.2) θ„ = δ 0 + y^ô , + yn 252 + ynly„2ô12 + εη, 
where δο is the overall mean, δι the main effect of variable yi, 62 the main effect of 
variable y2, a n d 612 the interaction effect between yi a n d y2. The residual, εη, is 
normally distr ibuted with m e a n zero and a n u n k n o w n variance a2. The reason to 
opt for the aforementioned latent linear model is tha t the residual, Zn, in this model 
is not contaminated by est imation errors of the individual observed IRT ability 
est imates. In addition, the application of this model poses no problems w h e n 
different tests have been administered to the individual children. 
Whether or not a change in the mean θ from the one m e a s u r e m e n t occasion to 
the next occurred was first explored. Does the children's spelling ability indeed 
develop from the beginning of grade 2 (2B) to the end of grade 6 (6E)? Whether a 
difference in the m e a n θ is detected for the different groups of children formed on 
the basis of the background variables of gender, ethnicity (Dutch vs. non-Dutch), 
and word-reading skill was next explored along with the possibility of changing 
differences over time. The final s t ructura l model was t h e n est imated including all 
relevant effects observed in the preceding analyses. In order to avoid specification 
errors, artificial variables for s t r a t u m and sample (i.e. r a n d o m or weak) were 
included in all of the models. In addition, it was a s s u m e d t h a t the distr ibutions of 
the abilities of the different subpopulat ions which can be formed on the basis of 
the background variables were normal a n d that the within-group variance, a2, for 
ability was also the same for each subpopulat ion. 
After estimation of the s t ructura l model, it was a t tempted to approximate the 
spelling development of the children by a growth curve. In order to get a description 
of the mean growth of the ability over time, first marginal m e a n s were est imated via 
the u s e of the conditional m e a n s provided by the s t ructural model a n d the known 
true distribution of word-reading skill in the target population. The marginal 
m e a n s were est imated on the original ability scale. Next the following linear 
regression model was est imated us ing the least squares method 
(4.3) θ,,,, = ο 0 + ο ι ΐ Λ + ε , η , 
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where yt, t = 1, 2, ..., Τ represents the time index for the m e a s u r e m e n t occasion, 5o 
represents a n initial level parameter, δι represents a common growth rate 
parameter , a n d ει represents a time-specific residual. The model was estimated for 
the entire population of children together a s well as for each of the relevant 
subgroups separately. Finally, whether or not the fit of the (linear) growth curves 
could be improved by the addition of the quadrat ic term for the measurement 
occasion, yf, to the models was explored. The fit of the linear and quadratic growth 
curves was assessed in terms of the total a m o u n t of explained variance. 
4.3. Results 
4.3.1. Dimensionality of spelling ability 
The 2PLM was first est imated for the phonetic (PH), visual-imprint (VI), analogy-
based (AB), and rule-based (RB) words separately. Both the item-oriented S-test 
a n d the overall Ric-test indicated t h a t the four est imated models fit the relevant 
data . The p-values for the S-tests were rectangularly distributed at the interval 
[0,1] a n d the Rlc contributions were acceptable (i.e., Rlc < 1.5 * dfl in view of the 
n u m b e r of deviates, (PH) Rlc = 128, df = 126, ρ =.44; (AB) Rie = 670, df = 4 7 1 , ρ 
=.00; (RB) Rie = 633; df= 480, ρ =.00; (VI) Rie = 3 4 1 , df = 268, ρ =.00. It can t h u s 
be concluded that the items within a specific spelling class seem to measure the 
same ability. 
Whether or not the four classes of spelling items measure qualitatively 
different aspects of spelling ability or reflect, in fact, the same underlying ability 
was next examined. First, the latent correlations were computed to explore the 
relations between the initial four scales. As can be seen from Figure 4.2, all of the 
latent correlations with the exception of those for the phonetic scale were very high 
(>.90). It t h u s seems that the VI, AB and RB scales represent the same dimension 
a n d that the PH scale m u s t be seen as a separate dimension. However, closer 
examination of the data showed more t h a n 50 percent of the children to produce 
the maximum score on the PH scale. In light of s u c h a ceiling effect, it is likely that 
the PH correlations present a distorted view of reality. 
For each grade, a two-factor principal axes factor analysis was next performed 
on the matrix of tetrachoric correlations between the 40 randomly selected items 
per grade, that is 10 PH, 10 VI, 10 AB, a n d 10 RB. The factor analyses were 
conducted on the real test d a t a a n d on artificial test d a t a generated in keeping with 
the 2PLM. In order to generate artificial test d a t a for each grade, an ability for a 
simulée, Qv, was randomly drawn from a normal distribution equal to the Marginal 
Maximum Likelihood (MML) ability distribution for the real calibration sample. 
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Next, at each exposure, a random number q was drawn from the interval [0,1] and 
the 2PLM was then evaluated If for simulée ν and item j holds that, ρ^βν) ^ <l< the 
item was scored as "correct", if not, the item was scored as "incorrect " This 
procedure was repeated until the artificial data sets contained exactly the same 
number of score patterns as the real data sets 
Fig 4.2. Latent correlations between the phonetic (PH), msual imprint (VI), 
analogy based (AB), and rule based (RB) scale 
The scree plots for the 12 largest eigenvalues for both the real and simulated 
factor solutions were next created for each grade and are presented in Figure 4 3 
As can be seen, the spelling test was highly dominated by a single factor In all of 
the grades, the first factor accounted for about 80% of the total amount of variance 
explained and the second factor constituted the breaking point in all of the scree 
plots The most convincing evidence for one factor, however, is provided by the 
almost identical pattern of reed and simulated eigenvalues That is, the simulated 
eigenvalues are computed from a correlation matrix which is known to be 
umdimensional, and must therefore demonstrate one factor, every deviant solution 
is completely due to measurement error 
4.3.2. Towards a unldimensional continuum of spelling development 
In light of the latent correlations between the four initial scales and the two-factor 
solutions found for each grade, it seems reasonable to conceptualize spelling ability 
as umdimensional and to attempt to incorporate all of the spelling items into a 
single spelling ability scale In order to construct a single continuum, the 2PLM 
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was estimated for all of the spelling items together. The statistical tests 
subsequently indicated model fit. That is, the distribution of the p-values for the S-
tests turned out to be rectangular at the interval [0,1] and the ratio between the 
Rlc contribution and the number of deviates was acceptable, Rlc = 3150, df = 
2137, ρ =.00. The fit of the 2PLM to the entire collection of spelling was further 
assessed via investigation of (a) the extent to which the property of invariance of 
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Fig 4 . 3 . i?eaï and simulated two factor solutions for grades two through six. 
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The invEtriance of the 2PLM location parameters, ßj, was explored by 
partitioning the total calibration sample into two groups of different ability, namely 
a group of weak readers (i.e., score < P25) and a group of randomly selected 
readers. Next, the location parameters were estimated for both groups and the 
congruence between the two sets of estimates of location parameters then assessed 
by calculating the correlation between the two sets of estimates. The discrimination 
indices were held constant. The estimated location parameters for the "random" 
group were linearly related to the estimated location parameters for the "weak" 
group, r = .96. It can thus be concluded that the location parameters are invariant. 
However, not only the location parameters must be invariant when the 2PLM fits 
the data, but also invariant ability parameters must be obtained. The invariance 
property of ability parameters across different samples of items was therefore 
examined secondly by comparing the individual Weighted Maximum Likelihood 
ability estimates (WML; Warm, 1989) for the computer-based and paper-based 
administration of the spelling items. The correlation between the pairs of WML-
ability estimates was .84, which clearly indicates that ability parameter invariance 
was obtained with the 2PLM as well. 
Finally, the accuracy of the 2PLM predictions was checked by analyzing the 
standardized item residuals. Note that the standardized item residual is the 
difference between the observed item performance for a group of respondents and 
their expected item performance. The expected distribution of item residuals under 
the assumption of the 2PLM is unknown although one might expect the 
distribution of item residuals to be (approximately) normal with M = 0 and SD = 1. 
However, rather than assuming a normal distribution, a simulated distribution of 
residuals was generated in order to evaluate the (real) distribution of residuals. In 
order to generate an empirical distribution of residuals, item response data for Ν = 
10,000 simulées with θ - Ν{μ, ο2) equal to the MML ability distribution of the total 
calibration sample was initially simulated under the assumption of the 2PLM. The 
item residuals were obtained, and the simulated (empirical) distribution of the 
residuals was then formed. The results in Figure 4.4 show the real and simulated 
distributions of the standardized item residuals for the 2PLM to be nearly identical. 
The 2PLM predictions seem thus to be accurate. 
4.3.3. Structure of the spelling continuum 
The goodness-of-fit analyses for the entire collection of spelling items showed the 
incorporation of the initial PH, VI, AB, and RB scales into a unidimensional 
developmental continuum for spelling performance to pose no problem. It is 
nevertheless still possible that children master the spelling of the different word 
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classes at more or less different points in their development. When children indeed 
tend to master the four types of spelling problems at different points in their 
development one would expect the spelling scale to have a particular s t ructure . 
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fig 4.4. Frequency distributions of standardized item residuals 
for 2PLM real and simulated data. 
Within the framework of item response theory, the use of information 
functions const i tutes a powerful method of describing the difficulty and 
discriminative value of specific items or collections of items. Information functions 
display the contribution that items make to the accuracy of ability estimations at 
points along an ability cont inuum. First, the Fischer information function, Ι^θ), was 
determined for all of the spelling items. Next, the corrected test information 
functions for each spelling class s with ris items (i.e., corrected for unequa l 
n u m b e r s of items within a spelling class) were derived by averaging the concerning 
item information functions: 
(4.4) Ι,(θ) = ^-£ΐ,(θ). 
The four corrected test information functions are presented in Figure 4.5. As 
can be seen, the information functions for the VI, AB, and RB items greatly overlap, 
while the information function for the PH items finds its maximum clearly earlier 
along the θ cont inuum. Learning to spell phonetic words t h u s seems crucial for the 
initial stages of learning to spell; only after the spelling of phonetic words is at least 
partially mastered can the learner t u r n his or her attention to the spelling of other 
words. 
102 





















/ ι » / 1 * 
f 11 * /M 
9 / / Λ \ \» 






Tig 4.5. Corrected test information fiinctions for the phonetic (PH), msual imprint (VI), 
analogy based (AB), and rule-based (RB) spelling items. 
The implications of the small differences between the information functions for 
the VI, AB, a n d RB items were further examined with the aid of domain scores. A 
domain score, π, expresses the expected weighted t rue proportion correct a 
respondent would obtain if given every item in the pool. In the present study, 
domain scores, π, were obtained for each spelling class s with ris items via: 





The domain scores are nonlinear transformations of Θ, which yields a scale 
that ranges from 0 to 100 percent. In Figure 6, the relative n u m b e r of the children 
expected to spell more t h a n 80 percent of the items within a part icular spelling 
class correctly, which was the a s s u m e d cut-off score for passing, is presented. It 
should be noted that only the children from the random sample are presented in 
order to avoid distortion of the results . As can be seen from Figure 4.6, there are 
clear differences in the points at which the children tend to master the spelling of 
particular items. As might be expected on the basis of the information functions, 
the phonetic items are mastered very early in development. Thereafter, the spelling 




Fig 4 .6 . Expected relative number of children showing mastery of particular 
classes of spelling items according to grade. 
4.3.4. Rate of change across elementary grades 
The 2PLM scale of spelling ability was used to explore the rate of developmental 
change across the elementary school grades. First, a structured analysis was 
performed to explore the growth of the children in the entire sample together. This 
analysis was conducted us ing a software package for the s t ructural analysis of 
univariate latent person parameters , θ (Verhelst & Verstralen, 2002). Such an 
analysis essentially est imates conditional m e a n s according to a linear model. The 
resul ts showed the children's spelling ability to clearly increase from the first 
m e a s u r e m e n t occasion in November of grade two (i.e., the reference category) to the 
final m e a s u r e m e n t occasion in April of grade six, δ = 4.513, ζ = 52.933, κ = 3.898. 
An overview of the pairwise contras ts for adjacent measurement occasions is 
presented in Table 4 .1 . As can be seen, the children's growth between adjacent 
m e a s u r e m e n t occasions was generally significant (z > 1.96). 
Whether or not the observed pattern of development for the children possibly 
related to the background variables of gender, ethnicity, and word-reading skill was 
next examined. The possible relations between spelling growth and the 
aforementioned potential predictors of change were formalized in a n u m b e r of 
different linear models. The initial results showed a moderate effect of not only 
gender with boys as the reference category, δ = .372, ζ = 7.097, κ = .209, but also 
of word-reading skill, good vs. average: δ = .996, ζ = 12.795, κ = .602; average vs. 
weak: 5 = .973, ζ = 18.275, κ = .588. A statistically significant effect was not found 
for ethnicity with non-Dutch a s the reference category, δ = .015, ζ = .152, κ = .008. 
The effects of gender and word-reading skill also occurred irrespective of 
m e a s u r e m e n t occasion. Nevertheless, subsequent analyses showed the differences 
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between the boys a n d girls to be relatively c o n s t a n t over time while the differences 
between the weak, average, a n d good readers (i e , differences depending on word-
reading skill) changed That is, the majority of t h e first-order interactions between 
measurement occasion a n d word-reading skill proved significant at ρ < 0 1 , a n d all 
of these interactions could be considered ra ther important (κ > 50) 
Table 4.1 
Pairwise contrasts for adjacent measurement occasions 














































In light of the foregoing results , a more refined linear model was formulated 
with both the main effect of gender a n d the interaction between m e a s u r e m e n t 
occasion and word-reading skill incorporated mto the model However, it was still 
the question whether the interaction between gender a n d word-reading skill should 
also be taken along Analyses indeed showed a significant (z > 1 96) interaction 
between gender a n d word-reading skill Therefore, this interaction should be 
incorporated into the model Examination of the parameter s for the final model 
including all relevant predictors of change showed good readers to achieve a higher 
spelling level t h a n weak or average readers by the end of sixth grade (April) with 
the beginning of grade two (November) as the reference category, weak 5 = 4 142, ζ 
= 41 096, κ = 4 686, average 6 = 5 620, ζ = 48 936, κ = 6 357, good 6 = 6 171, ζ = 
37 171, κ = 6 981 Furthermore, the spelling ability of the good readers in the lower 
elementary grades turned out to develop m u c h faster t h a n the spelling ability of the 
weak and average readers in the lower elementary grades The good readers score 
on average at the beginning of third grade about 1 80 higher (κ = 2 058) t h a n a t the 
beginning of second grade while the weak a n d average readers show a difference of 
only about 1 30 on average (Kwcak = 1 523, Kaverage = 1 473) Finally, the gender 
effect turned out to become smaller as word-reading skill increases That is, the 
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gender effect for the weak, average, a n d good reading groups decreased by .405 (κ 
= .458), .283 (κ = .320), and .005 (κ = .007), respectively. 
Following the modeling of the spelling progress of the relevant groups of 
children with the aid of s t ructura l analyses, it was a t tempted to gain a description 
of the m e a n growth of the ability over time. In order to model the children's spelling 
growth explicitly as a function of time, marginEil means , μβ, were initially est imated 
on the basis of the conditional m e a n s provided by the final s t ructural model a n d 
the known true distribution of word-reading skill of the target population. The 
marginal means were first est imated for each category of each variable included in 
the s t ructura l model. Next, the marginal m e a n s were est imated by conditioning on 
word-reading skill. The marginal m e a n s for the entire population and for the weak, 
average, and good readers are presented for each m e a s u r e m e n t occasion in Table 
4.2. The m e a n s are not presented for the boys and girls separately because only 
systematic differences were apparent; t h a t is, the boys a n d girls show virtually the 
same rates of change. Furthermore, the s tandard errors for the marginEil m e a n s Eire 
not presented because they could not be computed in a satisfactory m a n n e r (cf. 
Verfielst & VerstrEilen, 2002). However, it should be noted that due to sEimple size 
t h e s tandard errors for the good reading group will be larger t h a n for the weak Eind 
average reading groups. 
Table 4.2 
Expected spelling means according to grade level and general, weak, average, 
or good word reading level 
Expected mean (μο) 



















































After estimation of the marginal means, μβ, it was at tempted to approximate 
the spelling growth by a first or second order growth curve. The spelling growth for 
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the entire sample populat ion was first examined a n d found to show a linear t rend 
across grades, δι = 15, t(8) = 14 35, ρ < 0 1 , FP = 96, F{1,8) = 205 82, ρ < 01 The 
growth rate factor, 62, for the quadrat ic term of m e a s u r e m e n t occasion did not 
prove useful, 62 = - 0 1 , t{7) = 1 37, ρ = 21 The extent to which and m a n n e r in 
which the growth curves for the weak, average, a n d good readers across grades 
deviated from the general spelling growth curve was next examined The resul ts 
showed a linear trend to initially characterize the spelling growth of both the weak, 
average, and good readers, weak 61 = 14, t(8) = 15 24, ρ < 0 1 , R2 = 97, F[l,8) = 
232 20, ρ < 0 1 , average 61 = 17, t(8) = 14 27, ρ < 0 1 , FP = 96, F{1,8) = 203 74, ρ 
< 0 1 , good δι = 17, ί(8) = 7 63, ρ < 0 1 , IV = 88, F\l,8) = 58 27, ρ < 01 However, 
the growth of the good readers was later found to be described more accurately by 
a quadratic curve, δι = 40, ί(7) = 6 38, ρ < 0 1 , 02 = - 02, ί(7) = 3 7 1 , ρ < 0 1 , & = 
96, F[2,7) = 82 59, ρ < 01 The growth rate factor, 62, for the quadrat ic term of 
measurement occasion did not prove useful for the weak (62 = - 0 1 , i(7) = 1 5 1 , ρ = 
17) or average (62 = - 0 1 , i(7) = 1 59, ρ = 16) reading groups The computed growth 
curves for the three reading groups are plotted in Figure 4 7 Note that the girls 
score slightly higher t h a n the boys within the weak and average reading groups but 
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Measurement occasion 
Fig 4.7. Expected patterns of spelling development for weak (L), average (M),and 
good (H) word readers according to measurement occasion 
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4.4. Conclusions and discussion 
The present resul ts show that children's spelling development can be 
conceptualized a s a unidimensional and cont inuous learning process across 
elementary grades two through six. First, the resul ts of the factor analyses showed 
the spelling test administered here to be highly dominated by a single factor; in all 
of the grades, the first factor accounted for some 80 percent of the total explained 
variance; the real and simulated eigenvalues were also almost identical. Second, 
the results of the analyses conducted within the framework of item response theory 
showed the initially constructed scales (i.e., the phonetic, the visual-imprint, the 
analogy-based and the rule-based scale) to be strongly related and virtually a single 
latent ability to underlie all of the spelling items. Nevertheless, the results also 
revealed a tendency for the children to master the four types of spelling items at 
different - partially overlapping - points in their development despite the reliance of 
the spelling i tems on the same underlying ability. 
The present findings with regard to the dimensionality of spelling ability are in 
line with the findings of other studies. As already mentioned, Treiman (1993) and 
Vamhagen et al. (1997) did not find empirical suppor t for developmental stages in 
children's spelling development. When Notenboom and Reitsma (2003) at tempted 
to construct a 2PLM spelling cont inuum in a m a n n e r comparable to that in the 
present study, moreover, an adequate unidimensional scale was the results. 
Finally, Hoitink and Notenboom (2004) recently used latent class analyses to 
determine if children make specific spelling errors at different points in their 
development and found no absolute succession in the types of errors along the 
developmental cont inuum. The results of all of these s tudies confirm that spelling 
development can indeed be conceived as involving a single latent ability and that a 
stage paradigm is simply not tenable for at least elementary grades two through 
six. 
First graders were not included in the present sample, which means that it is 
not entirely clear that spelling development can be considered a unidimensional 
phenomenon from first grade on. Notenboom and Reitsma (2003), for example, 
found spelling ability to be composed of a phonological factor and a lexical factor at 
the onset of Dutch-speaking children's spelling development. Existing theories of 
spelling development also suggest that misspelling pa t te rns shift from primarily 
phonological to primarily orthographic and morphological pa t terns during the early 
elementary grades (e.g., Henderson, 1990; Nunes, Bryant, & Bindman, 1997; Read, 
1986; Treiman & Cassar, 1997; Treiman & Bourassa , 2000). In the present study, 
such a shift was possibly not detected because the greater part of the second 
through sixth grade children had already mastered the spelling of phonetic items. 
However, when the expected domain scores are extrapolated to the first grade (see 
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Figure 4.6), differences indeed seem likely to occur for the phonetic items at that 
point in development. This expected variation on the phonetic items may involve 
first grade children's spelling ability to be multidimensional (e.g., a phonological 
and a lexical component) rather than unidimensional such as found for the second 
through sixth grade children. It is also possible that spelling ability in first grade 
can still be conceptualized as unidimensional, but that multidimensionality arises 
between first grade and the grades two through six. Both forms of multi-
dimensionality would indicate a qualitative transition between initial spelling and 
more advanced spelling. Such a conclusion, however, would not invalidate the 
present results with regard to the dimensional structure of spelling development 
throughout the grades two through six. Children's spelling development may only 
be rather complex and on the basis of the present results it is premature to 
conclude that the entire developmental process of spelling ability can be conceived 
as unidimensional. 
Although the present results do not support a stage conceptualization of the 
development of spelling ability across grades two through six, some evidence was 
nevertheless found to favor an overlapping wave conceptualization. Certain results 
showed the children's mastery of the four types of Dutch spelling items to indeed 
occur in an overlapping stepwise manner. The information function for the 
phonetic items was located much earlier along the developmental continuum than 
the information functions for the other types of spelling items, and the domain 
scores also showed differences in the points at which the children tend to master 
the analogy-based, rule-based, and visual-imprint spelling patterns. Taken 
together, these results provide support for the plausibility of Perfetti's (1992, 1998) 
conceptualization of the learning process for both word-reading and spelling as one 
in which word representations develop across three hypothetical levels before 
orthographic word representations become fully "bonded" to their phonemic word 
representations. In fact, Perfetti's conceptualization explains exactly why the 
children in the present study tended to master the four types of spelling items in 
the sequence that they did. Phonetic words can be spelled via exclusive reliance on 
their phonemic representations (level 1); analogy- and rule-based words can only 
be partially spelled via reliance on phonemic information (level 2); and visual-
imprint words simply have to be memorized (level 3). Perhaps it should be better 
therefore to conceptualize "development" as a process in which word 
representations increase in specificity (cf. Perfetti, 1998) and not as proceeding 
through a series of stages or overlapping waves. 
In addition to the dimensional structure of children's spelling development, the 
rate of developmental change across the elementary school grades was also 
addressed. The results showed the children's spelling ability to increase 
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systematically from the beginning of second grade to the end of sixth grade 
following a linear trend. The resul ts also revealed differences in the development of 
certain groups of children. First, the s t ructural analyses showed gender to play a 
critical role in children's spelling development with girls generally scoring higher 
than boys but no changes in this pat tern over time. Second, the s t ructural 
analyses showed significant differences in the mean spelling abilities of the weak, 
average, and good readers. These differences, moreover, appeared to change over 
time. Finally, no evidence was found to favor the assumpt ion that the spelling 
development of children from linguistic minorities may lag behind to that of their 
monolingual peers. Given the strong relation of rate of spelling growth to word-
reading skill, separate growth curves were computed for the weak, average, and 
good readers. The spelling development of the weak and average readers was best 
described linearly while the spelling development of the good readers was best 
described quadratically. When specifying a growth model for spelling development, 
thus , one should at least take the child's word-reading skill into account . 
The findings with regard to the effects of gender and word-reading skill in 
relation of spelling ability have been found in other s tudies as well. For instance, 
girls are found to be good spellers relatively often and weak spellers relatively 
unoften (e.g., Allred, 1990; Lynn, 1992; Vogel, 1990). More importantly, however, 
children's word-reading skill was found to influence their spelling development to a 
considerable extent. Good readers achieve a high level of spelling ability within a 
relatively short period of time while less good readers require more time and often 
do not even come close to the spelling level of good readers . Numerous studies have 
also shown children's reading skills and spelling skills to be strongly related (e.g., 
Brück & Waters, 1988, 1990; Ehri, 1986; Jue l , Griffith, & Gough, 1986), but 
agreement on the exact na tu re of the relationship does not exist as yet. Foorman et 
al. (1991) detected a reciprocal association between reading and spelling, for 
example, while others found early spelling skill to predict later reading skill and 
only a weak or nonsignificant predictive relationship between early reading skill 
and later spelling skill (e.g., Ellis & Cataldo, 1990). The present findings are in line 
with the proposal of Frith (1985) and the resul ts of Caravolas, Hulme, and 
Snowling (2001) which suggest reading to set the pace for spelling growth during at 
least the later stages of development. 
A possible limitation on the present s tudy is that the children's spelling growth 
was modeled using a static model. The different measurement occasions were 
analyzed separately without consideration of the fact that the measurements can 
bear upon the same individuals. A better method would be the use of a dynamic 
model that relates the different measurements explicitly over time. If a child's 
spelling ability, for example, is measured on four occasions, an autoregressive 
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model could be applied where the ability upon the previous measurement occasion 
is determinative for the ability upon the present measurement occasion (see, for 
example, Jöreskog, 1970). Another possibility would be the application of a latent 
growth curve model (see, for example, McArdle & Epstein, 1987; Meredith & Tisak, 
1990) where observed repeated measures are used to estimate a single underlying 
growth trajectory for each person across all time points. The parameters for such 
models, however, could not be estimated within the context of the present study 
due to the cross-sectional nature of the research design. Longitudinal data should 
therefore be collected to identify the best growth model as it is ultimately the 
combination of measurement and growth model that determines how accurate the 
ability of individual children can be measured and predicted. 
In closing, the present study has some important theoretical and practical 
implications. For rather regular orthographies as Dutch there is converging 
evidence (Notenboom & Reitsma, 2003; Hoitink & Notenboom, 2004) that spelling 
development occurs in a unidimensional and continuous learning continuum. 
Therefore, cognitive developmental theories should postulate children to develop 
one single knowledge source for spelling. Specifically, it should be recognized that 
children use all of the information and strategies available at all phases in 
development. What has been considered to characterize a particular developmental 
stage may in reality be a preponderant use of one or the other strategy rather than 
the use of one strategy in an absolute sense. It is important to note, however, that 
there might be a difference between rather regular orthographies as Dutch and 
rather irregular orthographies as English. It would be valuable therefore to conduct 
studies that focus on the dimensional structure of spelling development within 
different contexts. 
The present results also have clear educational implications on how children 
should be taught to spell in (Dutch) schools. Stage theories have been used as a 
foundation for the construction of spelling tests and to guide the development of 
spelling curricula (e.g., Morris & Ferney, 1984; Henderson, 1990; Henderson, 
Templeton, Coulter & Thomas, 1985). It has been attempted to use spelling scores 
to classify children into a spelling stage and to gear systematic instruction to this 
stage of development. However, rather than successively centering instruction 
around the spelling of words that require application of a particular strategy, it 
might be better to focus on the various aspects of spelling competence from the 
early beginning. Of course, every spelling curriculum should initially center around 
learning letter names and their associations with phonemes, but after children 
have acquired this foundational knowledge, the curriculum should pay attention to 
the spelling of different types of words in order to enhance both children's 
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p h o n o l o g i c a l , o r t h o g r a p h i c , a n d m o r p h o l o g i c a l k n o w l e d g e i n p e r s p e c t i v e of 
p r o f i c i e n t w r i t i n g . 
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Development of word-decoding and spelling ability: 
An application of the ALT model4 
The purpose of the present study was to (a) model the development of word-
decoding and spelling ability across the elementary grades and (b) uncover the 
developmental relationships between the two abilities. Autoregressive latent 
trajectory analyses were used to analyze a dataset with ability estimates for word-
decoding and spelling measures collected on ten occasions. Potential effects of 
gender, ethnicity, ana/or home language were explicitly examined in a series of 
univariate structural analyses. The results showed the individuals in the sample to 
have distinct developmental trajectories for both word-decoding and spelling, but 
also substantial additional effects due to prior word-decoding and spelling abilities. 
The results further showed strong reciprocal predictive relationships between word-
decoding and spelling ability across grades. Whereas the influence of spelling 
ability on word-decoding ability was relatively large and constant, the influence of 
word-decoding ability on spelling ability proved small and diminished over time. 
The univariate structural analyses showed none of the demographic variables to 
significantly affect developmental rate, but in contrast to ethnicity and home 
language, gender was a good predictor of initial level of both word-decoding and 
spelling. 
4
 The corresponding reference is Keuning, J., Verhoeven, L. & Eggen, T.J.H.M. (submitted). 
Development of word-decoding and spelling ability: An application of the Autoregressive 




The notion that reading and spelling rely upon stored orthographic, phonological, 
and semantic information has been incorporated into many cognitive models of 
literacy. Both distributed triangle models (e.g., Plaut & Booth, 2000; Plaut, 
McClelland, Seidenberg, & Patterson, 1996; van Orden, Pennington, fit Stone, 
1990) and symbolic dual-route models (e.g., Coltheart, Curtis, Atkins, & Haller, 
1993; Coltheart et al., 2001 ; Paap & Noel, 1991) contain orthographic, 
phonological, and semantic components . The idea tha t the same knowledge source 
- whether conceptualized as a lexical representation or network of sublexical uni t s 
- is activated for both reading and spelling purposes h a s thus become 
commonplace. The aforementioned models do not fully address the development of 
literacy, however, as they largely concern the skilled system and do not recognize 
possible developmental constraints . Theories tha t address the development of 
literacy generally postulate parallel developmental routes for reading and spelling 
with dissociations over time (cf. Ehri, 1991, 1997, 2005). In the pre-alphabetic 
stage, for example, children generally read by rote and make direct links between 
the visual appearances of words and their meanings. In the subsequent partial 
alphabetic stage, children make use of partial non-automated letter knowledge 
and, on the basis of partial connections between spellings and pronunciat ions, 
learn to read and write. In the full alphabetic stage, complete and fast connections 
are established between letters and sounds , which also allows children to learn 
sight words via the formation of complete connections between spellings and 
phonemes in either direction. Finally, in the consolidated alphabetic or 
orthographic stage, children start to use an orthographic strategy for the reading of 
words and gradually develop sophisticated orthographic knowledge that is 
indispensable for skilled spelling (Templeton & Morris, 2000). 
It is generally argued that spelling is more difficult than reading because there 
are many more ways to spell a given phoneme than to pronounce it (Bosman & van 
Orden, 1997; Geva, Wade-Woolley, & Shany, 1993; Sprenger-Charolles, Siegel, & 
Bonnet, 1998). The divergence of reading and spelling skills can even be so great at 
t imes tha t children are sometimes identified as unexpectedly poor spellers (Burden, 
1992). In light of the above, certain scholars have argued that reading and spelling 
m u s t entail very different domains of learning (Bryant & Bradley, 1980; Goswami & 
Bryant, 1990; Cough, Jue l , & Griffith, 1992). Empirical studies nevertheless 
suggest a strong degree of interdependency between reading and spelling 
performance, bu t they do not agree upon the exact na tu re of the interdependence. 
It has been found, for instance, that the efficiency of reading and efficiency of 
spelling for the same words highly correlate even during the early stages of literacy 
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acquisition (e.g., Fletcher-Flinn, Shankweiler, & Frost, 2004; Foorman et al., 1991). 
Ellis and Cataldo (1990) have found early spelling skill to predict later reading skill 
but not vice versa: Only a weak or nonsignificant predictive relationship has been 
evidenced for early reading skill in relation to later spelling skill. Finally, Caravolas, 
Hulme, and Snowling (2001) have found reading skill to greatly fuel spelling 
progress during the later stages of development but not the opposite: Spelling skill 
does not influence children's earlier or later reading development. It can thus be 
concluded that the research findings regarding the developmental associations 
between reading and spelling are ambiguous at best. This may due to the fact that 
longitudinal studies of the development of reading and spelling skills throughout 
the elementary grades are generally lacking. Moreover, in so far as reading and 
spelling skills have been studied over time, no attempts have been made to address 
some major methodological problems related to the measurement of the two types 
of skills or the diversity of learners involved. 
5.1.1. Methodological issues 
One fundamental methodological issue is whether measures of reading and 
spelling are valid over time and thus have the same psychological significance for 
children's development. Multidimensionality across groups of persons (i.e. 
differential item functioning) or multidimensionality across groups of items can 
threaten the validity of a longitudinal measure. Multidimensionality across groups 
of persons means that something other than the attribute to be measured 
influences the performance on an item. Along this line, Kaplan and Walpole (2005) 
have found evidence for three qualitatively different and successive dimensions of 
reading during the early elementary grades: (a) phonological processing, (b) non-
fluent reading, and (c) fluent reading. Multidimensionality across groups of items 
means that items are related to different dimensions even when data from one 
single group are considered. According to Notenboom and Reitsma (2003), first-
grade spelling is composed of a phonological and lexical factor. Stated more 
generally, it is possible that reading and spelling should not be construed as 
unidimensional constructs and that continuous learning should not be assumed. 
More specifically, whether particular measures relate to underlying constructs in 
the same fashion across all stages of development and whether the same measures 
have equal reliability over time should always be examined as part of any 
longitudinal research (Byrne, Shavelson, & Muthén, 1989; O'Brien & Reilly, 1995). 
A second methodological issue concerns the possible existence of different 
developmental patterns for different groups of children. Certain longitudinal 
associations, that is, may only be found to be nonsignificant due to developmental 
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differences between groups of children, which may involve some earlier conclusions 
to be mistaken. Girls, for example, have been repeatedly reported to outperform 
boys in the area of literacy (Alloway & Gilbert, 1997; Holbrook, 1988; Wilder & 
Powell, 1989). It h a s been argued that girls - both a t home and at school - are 
encouraged to read more than boys and that this gender bias manifests itself 
already at a very early age (Millard, 1997). In a similar vein, many s tudies have 
shown that the literacy outcomes for minority children can be qualified at-risk 
(Verhoeven, 2000; Donahue , Daane, & Grigg, 2003; Grigg et al., 2003). A variety of 
cultural , linguistic, and socioeconomic factors have been argued to play a role in 
the achievement differences observed across ethnic groups (Hedges & Nowell, 1999; 
Roscingo & Ainsworth-Damell, 1999). The degree to which the language of literacy 
instruction is used with a child's home proved to be a critical predictor of literacy 
learning (Cummins, 1984). Given these examples, it is apparent tha t particular 
demographic variables can greatly affect children's development and, consequently, 
also the longitudinal associations that are found between reading and spelling. 
A third methodological issue concerns the techniques used to model 
developmental change. In the vast majority of cases , the at tr ibute of interest is 
observed at the beginning and the end of a period of investigation and these "pre" 
and "post" measurements are then used to construct a two-wave, within-person 
indication of change. To determine whether such individual change systematically 
relates to other variables, the within-person summar ies are simply correlated with 
the other variables of interest (cf. Willet, 1997). Despite the intuitive appeal of such 
a n approach, the construction of a decent measure of individual change is actually 
quite problematic (see, for example, Cronbach & Furby, 1970). The widely used 
difference score, for example, typically encompassed both t rue change and 
measurement error and as a consequence of such random noise, the power of any 
between-person comparisons are a t tenuated as well. That is, correlations tend to 
underes t imate the t rue associations between observed change and the covariates of 
interest. In addition to the above, a two-wave design is not particularly well-suited 
to capture the intricacies of common developmental trajectories. Changes over time 
can be rather vague and difference scores simply do not reveal the interesting 
facets of such a trajectory. Individual differences in spelling achievement, for 
instance, may cause early reading differences bu t not affect later reading 
development. A two-wave research design will not reveal such a pat terns of 
development, which means that a multiple wave design is required to follow 
developmental changes over time. 
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5.2.2. Modeling reading and spelling development 
As just mentioned, three methodological issues must be addressed for the modeling 
of developmental processes (a) the outcome variable must have the same meaning 
over time, (b) the potential effects of relevant background variables must be 
examined, and (c) a truly longitudinal perspective with multiple waves of data 
collection for each person m the sample must be adopted Even when longitudinal 
data are collected, however, the data must also be modeled correctly In many 
studies, a static model is applied, which means that a few random indications of 
the ability in question are analyzed without consideration of the influence of the 
measurement process itself upon the individual Stated differently, the 
measurement moments over time are considered separately and the longitudinal 
data is modeled cross-sectionally In fact, longitudinal data calls for a dynamic 
analytic approach in which the interactions between tests, individuals, and 
measurement moments are considered simultaneously The generili structural 
equation model provides just such a framework with two general approaches for 
studying change the autoregressive model (AR) and latent trajectory model (LT) 
The AR and LT model entail fundamentally different conceptions of the underlying 
developmental process AR models consider change over time in terms of each 
variable and its immediately poor value (Humphreys, 1960, Jöreskog, 1970, Werts, 
Linn, & Jöreskog, 1978) That is, observation at time 2 is considered with respect 
to observation at time 1, observation at time 3 is considered with respect to 
observation at time 2, and so forth LT models, in contrast, consider the entire 
trajectory of change for each individual over time The repeated measures are used 
to estimate a single underlying growth trajectory for each person across all time 
points (McArdle & Epstein, 1987, Meredith & Tisak, 1990, Willett & Sayer, 1994) 
As argued by Bast and Reitsma (1997), the AR and LT model are suited to examine 
different aspects of development due to differences in the conceptualization of 
underlying developmental processes AR models allow the incorporation of sources 
of variance other than those responsible for any initial performance differences, 
which makes the AR model particularly well-suited to examine the theoretical 
assumption of changing longitudinal relationships between reading and spelling In 
LT models, in contrast, the initial status of a construct and the developmental rate 
for that construct are assumed to be constant over time, which makes the LT 
model particularly well-suited to study individual variation in the development of 




5.1.3. The present study 
In the present study, the development of Dutch children's word-decoding and 
spelling abilities between the elementary school grades of two and six was modeled. 
While the two processes were initially considered separately, the degree of 
interdependence was also examined. The basic model used to address the 
development of the children's word-decoding and spelling abilities was the 
Autoregressive Latent Trajectory (ALT) model as proposed by Bollen and Curran 
(2004). This model can be considered a hybrid model as it allows both 
autoregressive and latent trajectory components of stability and change to be 
estimated within a single model. ALT shares the ability to include knowledge of the 
prior value of a variable to predict its current value with the s tandard AR model. It 
shares the ability to allow distinct random coefficients to govern the trajectories of 
different individuals with the s tandard LT model. The ALT modeling strategy, thus , 
is innovative in tha t it combines the intuitively appealing characteristics of both the 
AR and the LT modeling strategy. In addition, the ALT model provides a powerful 
framework to empirically evaluate the extent to which different types of change 
occur for a single variable. Is it plausible to treat the processes of word-decoding 
and spelling development as either autoregressive or as a latent curve with 
individual specific parameters , or are it phenomena in which autoregressive and 
latent curve processes operate simultaneously? Up unti l now, no one study has 
empirically examined which type of process best characterizes the development of 
word-decoding a n d / o r spelling skills. 
As indicated earlier, it is important that critical background variables be 
included in a s tudy aimed at modeling a developmental process. There are many 
background variables that might create individual differences in the development of 
word-decoding and spelling. In the present study, the effects of gender, ethnicity, 
and home language were explicitly examined. In addition, the ALT growth modeling 
strategy can only be meaningfully applied when it is certain that the outcome 
variable has the same psychological significance on all measurement occasions. In 
order to avoid violation of this implicit assumpt ion of unidimensionality, the growth 
modeling was conducted on two item response theory calibrated ability scales used 
to assess word-decoding and spelling ability throughout the elementary school 
grades. In previous work, the suitability of the two scales was examined extensively 
(Keuning & Verhoeven, 2008; Keuning, Verhoeven, 06 Eggen, submitted). The 
advantage of the use of item response theory calibrated scales is that this enables 
comparison of individuals regardless of the items administered. When an item 
response model is found to fit an item set in different grade levels, moreover, it can 
be as sumed that the same underlying ability is being measured on the different 
occasions. Detailed descriptions of the fundamental concepts and practical 
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applications of item response theory can be found in, among others , Lord (1980), 




Four different cohorts of children were each tested on four successive 
measurement occasions (C1-C4) For all of the cohorts , the first measuremen t 
occasion was in the beginning (B) of the school year, November 2005 The second 
measurement occasion was at the end (E) of the same school year, in April 2006 In 
the next school year, the measurements were repeated at the same points in time 
A schematic overview of the research design is presented in Figure 5 1 
Characteristic of the design is that the different cohorts overlapped each other or 
were linked via so-called anchors , which enabled companson of the development of 

































Note B=begin, E=end 
Fig 5.1. Research design 
5.2.2. Sample 
For sampling purposes , the Dutch population of elementary schools was divided 
into three s t ra ta on the basis of the social school index used by the Dutch 
government to determine educational funding The social index for a school is 
based upon the ethnic ongin, social economic background, and parental level of 
education for the children in the school Schools with predominantly middle-class 
children were included in s t ra tum 1, schools with predominantly working-class 
children were included m s t ra tum 2, and schools with predominantly minonty 
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children were included in s t r a tum 3. A stratified random sample of schools was 
then drawn to reflect the t rue distribution of the population of children across the 
elementary schools in the Netherlands: 62 .5% of the sample was selected from 
s t ra tum 1; 24.4% was selected from s t ra tum 2; and 13.1% from st ra tum 3. 
Different social classes were t h u s represented in the final sample of 67 schools, 
and the relative share of each social class in the sample was representative of the 
relative share in the population of Dutch elementary schools. The schools varied 
substantial ly in size, and all regions of the Netherlands were represented in the 
sample. 
On the first measurement occasion, a total of 1065 children participated in the 
study: 243 children at tended grade two (125 boys, 118 girls); 261 children grade 
three (130 boys, 131 girls); 275 children grade four (125 boys, 150 girls); and 286 
children grade five (147 boys, 139 girls). The mean ages of the children upon initial 
testing were as follows: second grade 7.8 years (SD = 0.56), third grade 8.8 years 
(SD = 0.50), fourth grade 9.8 years (SD = 0.55), and fifth grade 10.9 years (SD = 
0.52). For each of the grade samples, 50% of the children were selected randomly 
for inclusion in the group while the other 50% were selected on the basis of weak 
word-decoding scores. That is, children with a percentile rank between 1 and 25 on 
the widely used Three-Minute-Test (TMT or DMT in Dutch) of word-decoding ability 
(Verhoeven, 1995) were explicitly included in the sample. The randomly selected 
children were derived from schools (n = 25) that participated with only one grade 
level while the "weak" word-decoding children were derived from schools (n = 42) 
tha t participated with grades two through six in the study. 
5.2.3. Instruments and administration 
As already mentioned, two item response theory calibrated ability scales were used 
to assess the children's word-decoding and spelling abilities across the elementary 
grades. For a detailed description of the characteristics and appropriateness of the 
two scales, see Keuning and Verhoeven (2008) and Keuning, Verhoeven, and Eggen 
(submitted). The basic model used to calibrate the word-decoding and spelling 
items is represented by the Generalized Partial Credit Model (GPCM; Muraki, 
1992). The basic equation in this model is: 
exp[a,(W)-£ßJ] 
(5-1) ρ„(θ) = ρ(Χ, = * | θ ) = L J _ , 
1 + ]Γβχρ[α ;(ΑΘ-Χβ,)] 
(1 = 1 i - l 
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The response to an item j , denoted by Xj, c a n take on m, + 1 different values (0, 1, 
..., rrij). The probability of obtaining item score k on itemj is a function of the latent 
ability θ a n d depends on two characterist ics : the item category location (difficulty) 
ßji, i = 1, ..., rrij, and the discriminatory power for the item a,. Note tha t if m, = 1 for 
all j , the model specializes to the two-parameter logistic model for d ichotomous 
items. 
The word-decoding scale contained a total of 420 words. The orthographic 
s t ructures of the words differed and involved 80 monosyllabic phonologically 
t ransparent words, 70 monosyllabic phonologically irregular words, 100 bisyllabic 
words, 100 polysyllabic words, and 70 loan words. Almost all of the words were 
nouns , which were selected on the basis of frequency counts (Schrooten & 
Vermeer, 1994; Schaerlaekens, Kohnstam, & Lejaegere, 1999). The spelling scale 
contained a total of 450 words and represented four specific classes of Dutch 
spelling: 70 words represented the phonetic class of words, 110 words represented 
the visual-imprint class of words, 140 words represented the analogy-based class 
of words, and 130 words represented the rule-based class of words (see Keuning & 
Verhoeven, 2008, for a detailed description of the Dutch spelling classes). Only 
monosyllabic (n = 115), bisyllabic (n = 185), and polysyllabic (n = 150) words tha t 
are clearly known to children in Dutch elementary school were included in the 
spelling scale. 
The word-decoding i tems were administered to the children us ing the 
progressive demasking technique of Grainger and Segui (1990). This technique 
entails the individual presentat ion of the word-decoding i tems in the center of a 
computer screen in cycles of 340 ms . In the first cycle, an individual word-decoding 
item is presented on the screen for only 17 ms . and then masked by n u m b e r signs 
for the remaining 323 ms . In each of the subsequent cycles, the durat ion of the 
presentation for the word-decoding item increased by 17 ms . and the durat ion of 
the mask decreased by 17 ms . The viewing time for the word to be decoded t h u s 
increased with each cycle. The successive presentat ion of the cycles cont inued 
until the child pressed the space bar and read the item aloud. The response latency 
between the beginning of the first cycle and the child's response was then recorded 
automatically while the accuracy of the child's reading was recorded manual ly . The 
dichotomous accuracy measures and cont inuous response latencies were 
transformed into polytomous scores for decoding fluency (see also Keuning, 
Verhoeven, & Eggen, submitted). 
The spelling items or target words were presented orally in a short sentence. 
For instance: "We take the b u s to school" ... write down ... "bus." The children were 
asked to spell the target word or "bus" in this example us ing a computer keyboard. 
Some of the letters with diacritics tha t are common to Dutch (e.g., -é- or -ë-) were 
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presented on the computer screen by means of a button that could be reached with 
the computer mouse. In addition, a button was presented on the computer screen 
that enabled the children to listen to the target word once more. The availability of 
this button was intended to help the children avoid making mistakes due to a 
misunderstanding of the target word. The spelling items were scored automatically 
as either right or wrong. 
On each measurement occasion, the children were presented a selection of 
word-decoding and spelling items specifically tailored to their grade level. With four 
measurement occasions and five grades, this meant a total of 20 different tests to 
be prepared from both ability scales. The word-decoding tests consisted of 70 items 
and included at least one representative item for each orthographic structure. 
Similarly, the spelling tests consisted of 30 items and included at least one 
representative item for each spelling class. The tests were further prepared in such 
a manner that an item was never administered twice to the same individual. The 
tests were administered individually in a quiet room outside the class. It should be 
noted that when an item response model is shown to hold for an entire collection of 
items, this allows individuals to be compared on the scale regardless of the specific 
items administered. 
5.2.4. Statistical analyses 
The development of word-decoding and spelling ability was examined by means of 
analyses within the structural equation modeling framework. Normally, a 
structural model incorporating both measurement and structural considerations is 
estimated using a program such as LISREL (Jöreskog & Sörbom, 1996), AMOS 
(Arbuckle, 2005), or EQS (Bentler, 2000). However, in the present study, the 
measurement model and the structural model were separated. As already 
mentioned, the word-decoding and spelling items were calibrated using the 
Generalized Partial Credit Model (GPCM). In the GPCM, the variable "item 
responses" is assumed to be explained by a unidimensional latent ability. When the 
GPCM is considered true, the means and covariance matrix for the latent ability 
can be computed directly using the observed weighted sum scores and the GPCM 
item parameter estimates (see, for example, Andersen & Madsen, 1977; Mislevy, 
1984), and yet only the structural coefficients need to be estimated with structural 
equation modeling software. The separation of the measurement and structural 
model has the advantage that the sample used for calibration purposes can differ 
from the sample used to estimate the structural model. The structural model can 
also be estimated even if the individuals in the sample have been administered 
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different tests A potential disadvantage of s u c h a n approach, however, is that the 
errors in the GPCM item parameter es t imates are ignored 
In the initial s tep of the analyses, a univariate s t ructura l analysis was 
conducted to examine whether the demographic variables of gender, ethnicity, a n d 
home language affected the developmental trajectones of the different children for 
word-decoding a n d spelling The analysis was performed with a software package 
for the s t ructura l analysis of univariate latent person parameter s (SAUL, Verhelst 
& Verstralen, 2002) The basic model considered c a n be given by the following 
equation 
(5 2) θ „ = ν + γ 1 ζ „ + ε η 
where θ represents the ability of individual n (1, , JV), ν represents an intercept 
term, γι represents a n u n k n o w n s t ructura l parameter of predictor ζ (e g , gender), 
and ε represents the residual t h a t can vary from child to child a n d is N(0, a2) 
distributed Note t h a t the model c a n be extended easily to more predictors for θ 
and t h a t the residual, ε, in this model is not contaminated by the est imation errors 
of the individually observed ability es t imâtes In order to est imate the s t ruc tura l 
parameters , it was a s sumed that the ability in the different subpopula t ions tha t 
can be formed on the basis of the predictors is normally distributed and tha t the 
within-group variance, a2, is the same in each subpopulat ion In addition, the 
effect of a constructed variable tha t combines the child's school s t r a tum and initial 
word-decoding (TMT) quarti le score was included in order to avoid the causa t ion of 
specification errors by the unba lanced sample 
After the influence of certain demographic variables on the children's 
developmental trajectones was established, a senes of Autoregressive Latent 
Trajectory models (ALT, Bollen & Curran , 2004) was est imated in order to examine 
the extent to which autoregressive and latent curve processes are operating in the 
development of word-decoding and spelling ability The ALT model for a set of 
repeated measures on construct θ at time ί (2, 3, , 7 ) , including one time-
invanant exogenous predictor, z, can be given by 
(5 3) Θ, „ - λ ο ( η ο η + λ . , η . η +6, , ,θ, , „ + ε, „ 
(5 4) ηο„ = μ
η 0 + γ ι ι 0ζ„ + ζ η 0 π 
(5 5) ηι„ = μ
η 1 + γ η | ζ η + ζ η 1 η 
Where ηο can be interpreted as the initial level parameter (i e , intercept) for 
individual π, η ι as the growth rate parameter (i e , slope) for individual n, δί < ι a s 
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the regression coefficient of 6t on ΘΜ, and ει as a time-specific residual. The factor 
loadings Aot form the basis function for the initial level parameter and were 
a s s u m e d to be 1 for all i. The factor loadings Ait form the basis function for the 
growth rate parameter and were set at [0, 1, 2, ... , 7] throughout the present s tudy 
so that we obtain a linear curve for all n. In equations 4 and 5, μηο and μ
η
ι 
represent the mean intercept and slope across all persons while ζηο and ζη, 
represent the individual variability a r o u n d the mean intercept and m e a n slope with 
expectation 0 a n d variance Ψηη and Ψη,, respectively. The two gamma parameters 
(Yn«! Yni) represent the fixed regressions of the random intercept and slope 
components on the exogenous predictor. When estimating the ALT models, the 
initial measure in the time series, θι, was considered predetermined and the 
d i s turbances were a s s u m e d to be noncorrelated (i.e., COVfei, n, zt+q, n) = 0 for q * 0). 
As previously stated, the covariance matrix a n d the m e a n s to be analyzed can 
be est imated directly u n d e r the assumpt ion of the GPCM and the parameters for 
the ALT model can be estimated us ing s tandard s t ructura l equation modeling 
software. The computat ions of the latent covariances and m e a n s were conducted 
by the computer program MULTI (Kamphuis, 1993, 1998). The incomplete and 
u n b a l a n c e d sampling design complicates the situation, however. The approach to 
handle the problem of missing data entailed the computat ion of Maximum 
Likelihood est imates of the m e a n vector and covariance matrix for the variables of 
interest (see, for example, Little & Rubin, 1987). The est imates were obtained in 
MULTI us ing a n iterative expectation-maximization algorithm (EM; Dempster, 
Laird, & Rubin, 1977). Application of the EM algorithm results in a m e a n vector 
a n d covariance matrix that is based on all collateral information available (see also 
Cudeck, 2000). In order to u s e the EM algorithm, it was a s s u m e d that the d a t a 
were multivariate normal and that the missingness was missing at random (MAR). 
The approach to handle the problem of non-random selection from the population 
entailed the computat ion of sample weights for a constructed variable. This 
variable involved the classification of children into one of the following six 
categories: (1) S t ra tum 1 Λ TMT score < f25, (2) St ra tum 1 Λ TMT score > P25, (3) 
S t r a t u m 2 Λ TMT score < P25, (4) Stratum 2 Λ TMT score > P25, (5) Stratum 3 Λ 
TMT score < P25, or (6) S t ra tum 3 Λ TMT score > Ρ25. The sample weights 
represented the ratios between the sample and population frequencies across these 
six categories. By including the sample weights in the EM iteration process, 
realistic and representative variance and covariance est imates could be obtained. 
These est imates can directly be used as input to s t ructura l equation modeling 
software. The only problem left was the specification of a n appropriate nominal 
sample size. Throughout the present study, the arithmetic mean of the n u m b e r of 
cases observed for each variable (i.e., ΛΓ= 410) was take as the sample size. 
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For both word-decoding as well as for spelling, three different ALT models were 
estimated (a) a model with the autoregressive parameter s δι freely est imated, (b) a 
model with δι set equal for all time p e n o d s , a n d (c) a model with δι fixed to zero In 
addition, a latent trajectory a n d a first-order autoregressive model were est imated 
The different models were est imated in order to examine which model best fits the 
d a t a It c a n be demonstrated t h a t the ALT models with 6t set equal and δ< fixed to 
zero are nested within the ALT model with δί freely est imated (Bollen & Curran, 
2004) As such, it is possible to apply likelihood ratio tests to compare the fit of the 
different models A superior fit of one model as opposed to the other indicates 
whether a n autoregressive or latent curve process is operative or whether both 
processes are operating s imultaneously The s t a n d a r d AR or LT models are strictly 
speaking generally not nested within the ALT model (Bollen & Curran, 2004) The 
different models were therefore also compared on the basis of the Akaike 
Information C n t e n o n (AIC, Akaike, 1987) The model with the smallest AIC value 
can be regarded as the best fitting model The fit of the individual models was 
evaluated on the basis of the Standardized Root Mean Square Residuai (SRMR, 
Bentler, 2000), the Comparative Fit Index (CFI, Bentler, 1990), and the Normed Fit 
Index (NFI, Bentler & Bonnett, 1980) a s denved from Maximum Likelihood 
estimation Model fit was considered satisfactory if SRMR < 10, CFI > 90, a n d NFI 
> 90 (cf Hu & Bentler, 1998, 1999) 
The separate growth models for word-decoding a n d spelling provided the basis 
for exploration of the longitudinal relat ionships between the two abilities The ALT 
model for a single repeated m e a s u r e as given in equations 3, 4, a n d 5 c a n be 
extended easily to include two or more variables measured repeatedly over time 
The ALT model for r a n d o m variables θ a n d § with t ime-invanant covanate, z, can 
be given as 


















η 1 0 ζ „ + ζ η 1 θ η 
Eind 
(5 9) ξ, „ = λο
ξ| ηοξη + λι,, η . ξ π + δ ξ ί β ( ,θ, , „ + 6Sl { ι ,ξ, , „ + ε { ( η 
(5 10) η ο
ί π
= μ
π 0 ξ + γ η 0 § ζ „ + ζ η 0 ξ ; ι 
( 5 1 1 ) Ι 1 ΐ 5 1 , = μ η ι ξ + Υ 1 Ι ι { ζ „ + ζ π ΐ ι 
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As can be seen, the lead-lag regression effects of variable θί on ξ< ι and ξι on θι ι are 
now included in the model by δ 0 ι ξ ι i and δ ξ ι 0 i_1, respectively. The equations for 
the random intercepts and slopes are similar to the equations in the ALT model for 
a single repeated measure . As before, the initial m e a s u r e s in the time series, θι and 
§1, were considered as predetermined when estimating the model. Estimation of the 
s t ructura l parameters was again done using the Maximum Likelihood method a n d 
model fit was assessed us ing SRMR, CFI, and NFL 
Table 5.1 
Means and standard deviations f or word decoding and spelling ability 
Word-decoding (Θ) Spelling (ξ) 




















































5.3 .1 . Descriptives and preliminary analyses 
The m e a n s and s tandard deviations for the ten occasion word-decoding θι (f = 1,2, 
..., 10) Eind spelling measure §< (ί = 1, 2, ..., 10) are presented in Table 5.1. The 
covariances between the different measurement occasions and the two abilities are 
presented in Tables 5.2a, 5.2b, and 5.2c, respectively. It should be noted that the 
m e a n s and s tandard deviations as well as the covariance matrix of the latent 
multivariate ability distribution are not a t tenuated by unreliability because they 
were directly estimated u n d e r the assumption of the GPCM. As can be seen from 
Table 5.1, the m e a n s for both word-decoding and spelling ability steadily increase 
from the beginning of grade two through the end of grade six. The s t a n d a r d 
deviations for word-decoding show a decrease of interindividual variability across 
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grades while the s tandard deviations for spelling show ra ther stable performance 
differences across children dur ing the course of spelling development The 
covanances on the leading diagonal in Table 5.2a confirm that the differences in 
word-decoding ability across children are likely to become smaller across the years. 
The decrease in intenndividual vanability on the word-decoding m e a s u r e may be 
due to a ceiling effect for ability. 
Tabic 5.2a 
Covanances between 10 measurement occasions for word decoding' 





























































Covanances between 10 measurement occasions for spelling' 





















































39.11 36.39 39.89 
46.92 
41.61 40.13 
44.18 42.08 49.68 
38 38 36.43 41.61 36.50 




Covanances between word decoding and spelling measures on 10 occasions1 















































































































Note Only boldfaced covanances were jointly observed by design 
The potential effects of gender, ethnicity, a n d home language on the 
developmental trajectones for word-decoding a n d spelling were examined in a 
series of univariate s t ructural analyses The t ime-independent effects of gender 
(girls vs boys), ethnicity (Dutch vs. non-Dutch), a n d home language (only Dutch 
vs other language) on word-decoding and spelling are presented in Table 5.3. Note 
t h a t test-statistic Ζ indicates whether a difference is statistically significant (i e , > 
1.96 at the .05 level) while the effect size, κ, indicates the importance of a n effect 
An effect size of .20 can be interpreted as a small effect, a n effect size of 50 as a 
moderate effect, and an effect size of .80 as a large effect (cf Cohen, 1988). Table 
5.3 shows neither ethnicity nor home language to significantly affect a child's word-
decoding or spelling level However, a s indicated by the regression parameter (γ), 
the corresponding Z-statistic, a n d the effect size, significant differences do occur 
between boys a n d girls for both word-decoding a n d spelling ability Subsequent 
analysis showed the differences between the boys and girls on the word-decoding 
and spelling m e a s u r e s to be relatively constant over time. That is, none of the first-
order interactions between m e a s u r e m e n t occasion and gender proved significant at 
the .05 level It can t h u s be concluded that gender affects the children's initial level 
of word-decoding and spelling but that none of the variables significantly affects 
the children's rate of development for either of the two abilities. 
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Table 5.3 





































5.3.2. Modeling word-decoding development 
In order to test for the presence of autoregressive a n d latent curve components , 
three different ALT models were estimated in addition to a s t a n d a r d LT a n d first-
order AR model Gender was included as a t ime-independent covanate in all of the 
estimated models In Table 5 4, the overall fit statist ics for these models us ing the 
Maximum Likelihood fitting function are reported The x 2 -statist ics clearly show 
the fit of the ALT models including 6 p a r a m e t e r s to be superior to the s t a n d a r d 
autoregressive or latent trajectory alternatives That is, the ratio between the x 2 
contribution a n d the n u m b e r of deviates for the ALT models is substantial ly lower 
when compared to the s t a n d a r d AR a n d LT model The other m e a s u r e s of model-fit 
also tend to r a n k the ALT models as better fitting the d a t a For instance, the AIC 
values for the ALT models are clearly smaller while the NFI and CFI values increase 
from a ra ther poor 82 fit for the s tandard LT model to a substantial ly better 94 fit 
for the ALT model with 6θί freely est imated 
Table 5.4 
Overall fit of autoregressive, latent trajectory, and autoregressive latent trajectory 




ALT (δ, , 
ALT (6, , 
ALT (6, , 
ι Free) 
ι Equal) 
, = 0) 
X2(dfl 
847 51 (45) 
1159 04(59) 
397 52 (46) 
533 68 (54) 



























A nested likelihood ratio test for the ALT models versus the AR and LT model 
cannot be computed. However, it is possible to compute a nested test of the joint 
contribution of the autoregressive parameters within the ALT model (cf. Bollen & 
Curran, 2004). As can be deduced from Table 4, the difference between the x2-
statistic for the ALT model with δθί freely est imated and the ALT model with 5et 
fixed to zero is Δχ2 = 770.03-397.52 = 372.51 with àdf = 55-46 = 9. This drop in x2 
contribution is highly significant, which clearly indicates the necessity of including 
the δ parameters . The difference between the ALT model with δθ; freely estimated 
and the ALT model with δθί set equal can be seen to be less strong. The SRMR, NFI, 
and CFI statistics differ very little while the difference in the x 2 contribution is 
statistically significant (Δχ2(8) = 136.16, ρ < .001) a n d the AIC statistic is clearly 
lower for the ALT model with free 6's. An overall interpretation of the fit statistics 
suggests a tendency to favour the ALT model with free 6's as best characterizing 
the data. It was this model that provided the basis for exploration of the 
development of word-decoding ability across the elementary school grades. 
The parameter est imates for the ALT model with free 6's are presented in 
Figure 5.2. All of the est imates differ significantly from zero at the .05 level. The 
expected word-decoding m e a n s for the different m e a s u r e m e n t occasions can be 
derived using equations 3, 4, a n d 5. The expected m e a n for the first measurement 






 μ ? = 39.91 + 1.59(.50) = 40.70. For all succeeding 








 + H,l J , 1 io,
 + f V e , ,Ρο, , 
As such, the expected mean for the second m e a s u r e m e n t occasion is equal to: 
μ ^ =.77(.50) + 42.10 + 1(1.10) + .10(40.70) = 47.65. It is important to interpret the 
autoregressive process in conjunction with the latent curve process. The 
contribution of both processes to the prediction of word-decoding ability at time t 
c a n best be derived by considering the standardized direct effects of the 
autoregressive and latent growth rate component. The standardized effects for the 
autoregressive component steadily increase from .10 for δθ2, ei to .25 for δβιο,eq . The 
standardized effects for the latent growth rate component range from a small .07 
for the second m e a s u r e m e n t occasion to a ra ther large .78 for the tenth 
m e a s u r e m e n t occasion. It should be noted t h a t the interpretation of these 
standardized direct effects is similar to the interpretation of effect sizes (κ). From 
the standardized effects, it can be concluded that both the latent curve and 
autoregressive process clearly contribute to the prediction of word-decoding ability 
at a part icular point in time. The latent curve process, however, outweighs the 
autoregressive process, which indicates relatively large differences in word-
decoding development across individual children. 
The ALT model a s s u m e s all persons in the population to have growth curves of 
the same functional form b u t allows the parameters that characterize a growth 
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curve (i.e., ηοβ a n d ηιβ) to vary from person to person. The extent to which children 
vary a r o u n d their average group trajectories is represented by the variances of the 
latent intercept (Ψηοθ) a n d growth rate factor (Ψη.β) of the latent curve process. As 
can be seen from Figure 5.2, individuals differ significantly in their initial level (Ψηοθ 
= 55.92, ρ < .001) a n d rate of development (Ψηιβ = .32, ρ < .001) across grades. The 
correlation between the two factors is -.79 (i.e., COVty ^ ^ T./varijJ0 xvari4Jnta ), 
which shows the initial levels and rates of development over time to be strongly 
related. The negative direction of the correlation implies children with initially 
higher levels of word-decoding ability to have weaker ra tes of development t h a n 
children with initially lower levels of word-decoding ability. It is important to keep 
in mind t h a t the autoregressive process also contr ibutes to the prediction of word-
decoding development and that the differences in the children's rates of 
development are m u c h smaller than suggested by the magni tude of the correlation 
coefficient. The value for the correlation coefficient, moreover, is dependent on the 
origin of time, which involves the precise interpretat ion of the coefficient to be 
difficult in most cases (Rogosa & Willet, 1985a). The correlation nevertheless 
confirms the earlier observation of declining interindividual variability in word-
decoding ability a s children get older. 
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5.3.3. Modeling spelling development 
The analyses for word-decoding were repeated for the spelling m e a s u r e In Table 
5 5, the overall fit statist ics for the estimated AR, LT, a n d ALT models with the 
inclusion of gender as a t ime-independent covanate are presented As can be seen, 
the fit of the s t a n d a r d AR model is substantial ly better t h a n the fit of the s tandard 
LT or ALT model with δξι fixed to zero The fit-statistics t h u s occasion the inclusion 
of Ô parameters in a growth model for spelling ability The likelihood ratio test for 
the ALT model with δξί freely est imated versus the ALT model with δξι fixed to zero 
further underl ine the necessity of including the δ parameters , Δχ2(9) = 817 87, ρ < 
001 The ALT model with δ§ι set equal could initially not be estimated because at 
least one of the implied v a n a n c e s was zero or negative A solution was attained by 
constraining the covanance between the intercept a n d growth rate factor to zero 
However, as indicated by the low NFI and CFI values and the relatively large AIC 
value, the a s sumpt ion of equal autoregressive effects across adjacent m e a s u r e m e n t 
occasions does not hold The fit of the ALT model with free 6's is clearly better than 
the fit of the s tandard AR model Rather t h a n a s s u m e that all children are 
governed by the s a m e process in the same way (i e , AR model), the spelling data 
t h u s calls for distinct random coefficients to characterize the developmental 
trajectones of individuals (i e , ALT model) Once again, the ALT model with free Ô's 
provided the basis for further exploration of the development of spelling ability 
across the elementary school grades 
Table 5.5 
Overall fit of autoregresswe, latent trajectory, and autoregresswe latent trajectory 




ALT (δ, , 
ALT (δ, , 
ALT (δ, , 
, Free) 
ι Equal)1 
, = 0) 
xUdfi 
1263 97(45) 
1858 26 (59) 
848 81 (46) 
1507 79(55) 

























Note The covanance between intercept and growth rate was fixed to 0 
The parameter es t imates for the ALT model with free ô's are presented in 
Figure 5 3 All est imates differ significantly from zero at the 05 level The 
interpretation of the spelling growth model as depicted in Figure 5 3 is similar to 
the interpretation of the word-decoding growth model with nevertheless some 
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noteworthy differences. The most striking difference is related to the magni tude of 
the autoregressive parameters , which can be seen to be larger for spelling t h a n for 
word-decoding. In addition, the magni tude of the autoregressive parameter s in the 
spelling model systematically increase over time s u c h that the impact of §1 on §2 is 
.04 while the impact of §9 on §10 is .39. In contras t to word-decoding, t h u s , the 
pattern of autoregressive parameters suggests an increasing ability for earlier 
spelling to predict later spelling as children get older. The strong autoregressive 
relationships also have their repercussions on the contribution of the latent curve 
process. For both the autoregressive a n d latent curve process, the s tandardized 
direct effects steadily increase from about .04 for the second m e a s u r e m e n t to a b o u t 
.37 for the last measurement , which shows both processes to contribute equally to 
the prediction of spelling ability. 
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Tig 5.3. Autoregressive latent trajectory model for development 
of spelling. 
The variances of the latent intercept (Ψηοξ = 32.25) and growth rate factor (Ψηι§ 
= .07) of the latent curve process indicate statistically significant (p < .001) 
individual variability in initial spelling level a n d rate of development across the 
elementary grades. The variance in the growth rate factor for spelling, however, can 
be seen so small that the extent to which children vary around their group average 
trajectories is limited. The correlation between the two latent factors for the 
underlying latent curve process is again strongly negative, -.87 (i.e., Ο θ ν ψ
η 0 , -Η 
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n l i ). Similar to word-decoding, t h u s , children with initially higher 
spelling levels have weaker expected rates of development t h a n children with 
initially lower spelling levels. The differences in the rates of development for 
spelling are nevertheless smaller t h a n for word-decoding due to the relatively small 
contribution of the latent curve process to the prediction of spelling ability. Note 
that this conclusion corresponds with the pat tern of s tandard deviations presented 
in Table 5.1. That is, the s t a n d a r d deviations for word-decoding decrease with time 
while the s tandard deviations for spelling remain nearly the same. 
5.3.4. Developmental relationships between word-decoding and spelling 
The separate growth models for word-decoding and spelling ability provided the 
basis for examination of the first-order lead-lag relationships between word-
decoding and spelling ability across grades. That is, the effects of word-decoding at 
time f on spelling at time i+1 and vice versa were analyzed. In the two-variable ALT 
model, the latent factors of the latent curve processes for word-decoding a n d 
spelling as well as the initial m e a s u r e s in the time-series were a s s u m e d to covary 
(cf. Bollen & Curran, 2004). In the initially estimated model, the lead-lag effect of 
the sixth word-decoding m e a s u r e on the seventh spelling m e a s u r e (δξ?, ee) was not 
significantly different from zero at the .05 level. In addition, the autoregressive 
effect between the second a n d third spelling (5§3, §2) measure was no longer 
significant. These insignificant relationships were t h u s fixed to zero. The parameter 
est imates for the final two-variable ALT growth model are presented in Figure 5.4. 
Although the fit of this model is not entirely convincing (x2(167) = 3057.80, ρ < 
.001; Si?Mi? = .0275; CFI = .85; NFI = .85), it was considered sufficient for 
exploration of the developmental relationships between word-decoding and spelling 
across grades. The suggestions of the modification indices to allow autocorrelated 
dis turbances for the word-decoding (COVijjei, ψθ2, ..., COVtyeg, ψβιο) and spelling 
m e a s u r e s (ΟΟνψξι, ψξ2, ..., COVtyçg, ψξιο) or to allow cross-sectionally correlated 
d i s turbances (COVipe2, ψ§2, ..., COlApeio, ψξιο) were not adopted because it would 
h a m p e r the interpretability of the model. In fact, it would be incorrect to still speak 
of a n Autoregressive Latent Trajectory model u n d e r such circumstances. 
The ALT model as depicted in Figure 5.4 shows a clear pattern of lead-lag 
relationships between word-decoding and spelling. That is, the effects of word-
decoding on spelling (5
 0 ) are relatively small and generally positive while the 
effects in the opposite direction (i.e., of spelling on word-decoding, δ
θ ι § l ) are larger 
and all negative. The lead-lag relationships are further remarkably constant in both 
directions. The implications of this pattern of lead-lag relationships for the extent 
to which word-decoding a n d spelling are developmentally related can again be 
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deduced with consideration of the standardized direct effects The standardized 
effects of word-decoding on spelling across the years decrease from 21 for δ§2 ei to 
13 for 6§6 es and finally to 06 for δ§ιο eg In te rms of the c n t e n a of Cohen (1988), 
this m e a n s that t h e contnbut ion of word-decoding ability to the prediction of 
spelling ability is not very large Relative to the other processes t h a t have been 
shown to contr ibute to the prediction of spelling ability (i e , the autoregressive a n d 
latent curve process, see earlier results), the lead-lag process clearly plays a 
smaller role The decreasing pat tern of s tandardized effects suggests that the 
predictive value of word-decoding ability on spelling ability is developmentally 
limited The standardized effects of spelling on word-decoding, however, show a 
totally different pa t te rn The effects are not only larger (i e , - 20 < κ < 30) but also 
very stable across years The contribution of the lead-lag process to the prediction 
of word-decoding ability, moreover, is similar to the contribution of the other 
processes, That is, the contributions of the autoregressive, latent curve, a n d lead-
lag process are of the same order of magni tude 
In addition to the contributions of the different processes to the prediction of 
either word-decoding or spelling ability, the correlations between the latent factors 
underlying the trajectory processes provide information on the extent to which 
word-decoding and spelling are developmentally related The correlation between 
the intercept factors is 80 (i e, COVty^
 η 0 - J v a r i j j ^ χ ν3Γψη 0 ), which shows those 
children with a high level of word-decoding ability to have a high level of spelling 
ability as well The correlation between the intercept factor for word-decoding and 
the growth rate factor for spelling is - 73 (i e , €θνψ
φ0 η1 - /ναΓψηϋο χ ν 3 τ ψ η , ) a n d 
- 34 (ι e , ΟΟΙΛμ
η0ί η 1 ο - Ίν3τψψξ χ ν3τψ η ι θ ) in opposite direction Children with 
initially higher levels of word-decoding ability can t h u s be expected to show weaker 
rates of spelling development t h a n children with initially lower levels of word-
decoding ability Similarly, initially good spellers can be expected to have weaker 
rates of development for word-decoding ability t h a n initially poor spellers The 
observation that initially lower levels for the one ability are associated with higher 
rates of development on the other ability is confirmed by the correlation between 





n l e χ ν3Γψη,§ ) It should 
again be kept in mind, however, that the correlations between the factors in a 
latent curve process are difficult to interpret Moreover, the expected developmental 
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Fig 5.4. Autoregresswe latent trajectory model for development 
of word decoding and spelling 
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5.4. Conclusions and discussion 
The present results show that both word-decoding and spelling development can be 
conceptualized as phenomena in which autoregressive and latent curve processes 
operate simultaneously. On the one hand, the results of the ALT analyses showed 
significant interindividual variability in the initial levels and developmental rates 
for word-decoding and spelling ability, which means that each individual in the 
sample followed a distinct developmental path for both the repeated word-decoding 
and spelling measures. On the other hand, the results of the ALT analyses showed 
substantial effects of prior values for both of the repeated measures. The preceding 
ability on either word-decoding or spelling, that is, proved to be a good predictor of 
current ability on the same measure. The pattern of autoregressive parameters for 
spelling even indicated an increased ability of prior spelling skill to predict later 
spelling skills as the children got older. The implications of the observation that 
both types of development occurred simultaneously is that the standard 
autoregressive and latent trajectory model were both not able to adequately predict 
children's word-decoding or spelling progress. If the standard autoregressive model 
had been adopted as the model of choice, we would have mistakenly concluded 
that word-decoding and spelling skills develop in a similar manner for all children. 
If the standard latent trajectory model had been adopted as the model of choice, we 
would probably have concluded that far more interindividual variability 
characterizes the word-decoding and spelling development of children than is 
actually the case. 
A clear difference was observed in the word-decoding and spelling development 
of the children studied here. Whereas the autoregressive Eind latent curve 
component contributed more or less equally to the children's spelling development, 
the contribution of the latent curve component clearly outweighed the contribution 
of the autoregressive component to the children's word-decoding development. This 
difference may relate to the convergence of children's development over time. 
Considerable interindividual variability in the initial word-decoding level and 
developmental rate for word-decoding was estimated. A maximum level of word-
decoding ability that initially high performers gradually achieve appears to be the 
case. Poor performers, in contrast, may initially lag far behind others but are 
frequently able to make rapid progress. This pattern of development confirms the 
lag-hypothesis, which states that poor performers are often just slow starters who 
frequently catch up to their peers (Stanovich, Nathan, & Zolman, 1988; Francis et 
al., 1996). Such clear differences in the developmental trajectories for word-
decoding ability call for a powerful latent curve component. For spelling ability, in 
contrast, the developmental rates proved relatively stable and quite similar. An 
autoregressive component can account largely for such a pattern of development. 
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The number of s tudies that has modeled children's word-decoding a n d / o r 
spelling development in a dynamic manner is ra ther limited. There is also a clear 
tendency to adopt an autoregressive growth modeling strategy a s opposed to a 
latent trajectory growth modeling strategy (e.g., Aarnoutse & van Leeuwe, 2000; 
Aamoutse , van Leeuwe, Voeten, & Oud, 2001 ; Bast, 1995; Bast & Reitsma, 1997, 
1998; Boland, 1993; Caravolas, Hulme, & Snowling, 2 0 0 1 ; Mommers, 1987; 
Butler, Marsh, Sheppard, & Sheppard, 1985). The reason for the adoption of the 
autoregressive model in so many studies may relate to the flexibility of this model 
and its capacity to include more repeatedly measured variables and to test for 
reciprocal causal relationships between these variables. The s tandard latent 
trajectory model, in contrast , only allows for bidirectional relationships between 
repeatedly measured variables via covariation between the growth parameters from 
the single-variable models. The influence of one variable on the other is considered 
constant , t hus , and specific assumpt ions about the changing relationships 
between the variables over time simply cannot be tested. From both an empirical 
and theoretical perspective, the observed preference for autoregressive models may 
be mistaken. The s t ructure of the present da ta clearly expelled the s tandard 
autoregressive model as appropriate for the modeling of the development of word-
decoding. Existing developmental theories (e.g., the Matthew effect model, Merton, 
1968; Walberg & Tsai, 1986; Stanovich, 1986) also predict differences in 
developmental trajectories over time. In other words, it should always be 
empirically evaluated whether the autoregressive growth modeling assumpt ion of 
similar developmental processes for all individuals holds for a particular set of 
data. Even if the s tandard autoregressive model (i.e., no autoregressive or 
autocorrelated disturbances) provides an acceptable fit, the da ta may actually call 
for individual specific growth parameters at t imes (see also Rogosa & Willett, 
1985b). The Autoregressive Latent Trajectory modeling framework is well-suited for 
determining which type of model best fits the da ta at hand . 
In the model that considered the concurrent development of word-decoding 
and spelling abilities across the elementary school grades, the predictive value of 
spelling ability for word-decoding ability was found to be substant ia l and constant 
over time. In contrast , the predictive value of word-decoding ability for spelling 
ability was found to be developmentally limited. With regard to the autoregressive 
and latent curve processes, that is, the contribution of the lead-lag process to the 
prediction of spelling ability clearly diminished over time. The finding that word-
decoding ability accounts for a relatively great amount of the variance in early 
spelling achievement but relatively little of the variance in later spelling 
development does not mean that word-decoding and spelling ability become 
unlinked over time. Quite the opposite, the level factor for word-decoding and the 
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level factor for spelling were found to highly correlate, which indicates a strong 
association between the children's word-decoding and spelling levels. Over time, 
however, spelling appears to become a stronger and more independent process that 
is highly predictive of itself and need not rely on other information. Remarkably, 
the influence of spelling ability on word-decoding ability was found to be more or 
less constant across grades. While word-decoding ability can also predict itself 
quite well, spelling ability nevertheless had a clearly added value on all 
measurement occasions. 
The present findings regarding the developmental relationships between word-
decoding and spelling ability throughout the elementary school grades are in 
keeping with the findings of previous studies. Word-decoding and spelling ability 
are closely linked, also during the earlier phases of learning (Fletcher-Flinn, 
Shankweiler, & Frost, 2004). One can even speak of reciprocal relationships 
(Foorman et al., 1991). In addition, the present findings partially confirm strong 
predictive relationships found for spelling in relation to reading and weaker 
predictive relationships found for reading in relation to spelling by Ellis and 
Cataldo (1990). Nevertheless, the present results do not confirm the recent 
assertion that reading appears to set the pace for the development of spelling skills 
during early elementary school (Caravolas, Hulme, & Snowling, 2001; Keuning & 
Verhoeven, 2008). There is also no evidence that spelling appears to fuel children's 
reading progress (cf. Frith, 1985). However, widely differing methodological 
approaches and very different datasets actually preclude proper comparison of the 
relevant research results. Whereas Fletcher-Flinn et al. (2004) used mainly 
analyses of variance and correlational analyses to understand the associations 
between reading and spelling, for instance, Caravolas et al. (2001) applied observed 
variable path analyses. Whereas Keuning et al. (2008) characterized the patterns of 
latent means for different groups of children using both linear and quadratic 
curves, linear growth curves were assumed for all of the children in the present 
study. In addition, many of the aforementioned studies encompass only a very 
limited period of time. In fact, the present study is one of the first to examine the 
developmental relationships between word-decoding and spelling ability 
throughout the entire or virtually entire elementary school period and then from a 
truly dynamic multivariate perspective. 
The present findings have some potential implications for how the 
development of reading and spelling can best be conceptualized. There is clear 
evidence that reading and spelling development are strongly interrelated. The 
present results thus speak in favor of the theories of Frith (1985) and Ehri (1991, 
1997) which postulate that reading and spelling skills develop in conjunction with 
each other. The present findings speak against the proposals of some researchers 
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such as Bryant and Bradley (1980), Goswami and Bryant (1990), and Gough, Juel, 
and Griffith (1992) who previously conceived reading and spelling acquisition as 
different learning arenas. The present results do not confirm the hypothesis of 
dissociations between reading and spelling ability at particular points in 
development or the hypothesis that spelling initially sets the pace for the 
development of reading and later vice versa, namely that reading sets the pace for 
spelling during the later stages of development. Starting in grade two, reciprocal 
relationships appear between word-decoding and spelling abilities and continue to 
exist through grade six. Taken together, all of these results provide support for the 
plausibility of both the lexical (e.g., Coltheart, Curtis, Atkins, & Haller, 1993; 
Coltheart et al., 2001) and connectionist (e.g., Plaut & Booth, 2000; Plaut, 
McClelland, Seidenberg, & Patterson, 1996) models of literacy, which see the same 
underlying components as supplying information for reading and spelling. That is, 
despite the fact that the present results show reading and spelling development to 
involve two very independent learning processes, the results suggest such a strong 
degree of interlacing that the two abilities must appeal to one and the same 
underljdng knowledge source. To date, however, both lexical and connectionists 
models have been primarily concerned with uncovering the mechanisms underljdng 
the word recognition process. In view of the present results, it may be highly 
advantageous to examine the roles of orthographic, phonological, and semantic 
information from a reading and spelling perspective. It may also be fruitful to 
consider a more developmental approach and not focus on the skilled system 
alone. In doing this, the assumption of dissociated relationships between reading 
and spelling at particular points in development (e.g., Frith, 1985; Ehri, 1991, 
1997) can be replaced by the assumption that all children's reading and spelling 
experiences contribute continuously to a communal knowledge base. 
While the present study is unique in how children's word-decoding and 
spelling development was modeled across the elementary school grades, there are a 
few potential limitations that should be mentioned. The first limitation concerns 
the research design. Given careful sampling and strong anchors for different 
cohorts, it was possible to "simulate" a completely longitudinal dataset and apply 
the present growth modeling techniques. Given that some of the cells in the 
analyzed covariance matrix were never jointly observed by design, however, the 
tenability of these specific covariances is simply unknown. This uncertainty means 
that it is still possible that the presented growth models are poorer approximations 
of the children's word-decoding and spelling development than the fit statistics 
suggest. It is also possible, however, that the absence of real data may have 
affected the covariance matrix in such a manner that the fit of the growth models is 
actually much better. Obviously, a full longitudinal study is preferred. There are no 
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reasons to call the results presented here into question, but the nature of the 
research design calls for cautious interpretation Another limitation concerns 
certain properties of the growth models Adding latent trajectory components to a 
growth model greatly enhances the flexibility of the model but also entails a 
particular drawback (cf Delsing & Oud, 2008) The autoregressive model is time 
invariant, which is important for a causal interpretation of the model This time 
invariance is lost, however, with the addition of a latent growth rate parameter The 
addition of η ι to the model, that is, makes the results directly dependent on shifts 
in the time scale The correlations between the intercept and growth rate factor in 
particular move up and down, depending on the location of the zero time point A 
drawback of the inclusion of an autoregressive component in a growth model is 
that the strength of the effects and even the positive or negative nature of the effect 
may vary depending on the time interval chosen by the researcher (Delsing, Oud, & 
de Bruyn, 2005, Oud, 2007) In other words, current techniques for modeling 
developmental processes (i e , AR, LT, ALT) have some weaknesses that need to be 
addressed in future research 
The growth models estimated in the present study can fulfill an important role 
in educational practice First, the growth models can contribute to the reduction of 
the unreliability of ability scores for individual children When a child's ability at a 
particular point in time is based exclusively on the answers given on the test 
administered, that is, we frequently obtain a score that is unreliable The reliability 
of such scores may also fluctuate considerably across successive measurement 
occasions The question, then, is how such potentially unreliable scores can be 
interpreted by teachers and/or remedial teachers One alternative is to apply 
additional population information (i e , growth models) to supplement individual 
scores and thus avoid the use of only test answers to estimate a child's ability In 
addition to the use of information from the measurement model, thus, information 
from the growth model can contribute to more precise and clearly interprétable test 
scores and growth curves A second possible application for the growth models 
presented here is to help track down children in need of specialized or remedial 
instruction It has been argued, for instance, that the reading and spelling 
development of dyslexic children shows increased delays relative to that of non-
dyslexic children (Vellutino, Scanlon, & Lyon, 2000, Vellutino et al , 1996) In this 
respect, the growth models can first be used to examine whether this assumption 
holds if this indeed proves to be the case, the growth models can then provide an 
excellent basis for dyslexia screening basis but also to formulate both realistic and 
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General conclusions and discussion 
The different chapters of this thesis were devoted to the monitoring and modeling of 
children's growth in word-reading and spelling across elementary education. 
Several research questions were addressed within the statistical frameworks of 
item response theory and structural equation modeling. Analyses were conducted 
on a dataset with the responses of a large group of elementary-age children to a 
broad range of different types of computerized reading and spelling items. The 
results with regard to the dimensional structure of reading and spelling 
development as well as the results with regard to the longitudinal relationships 
between both developmental processes have important implications for the 
theoretical conceptualization of literacy acquisition. In the first section of this 
chapter, the key results of this thesis will be summarized and discussed with 
reference to current theories on reading and spelling development. In the next 
section, the construction of ability scales and growth models will be evaluated with 
regard to educational practice. The construction of ability scales and growth 
models can be seen as a fully statistical process, but after completion, clear 
opportunities for application in the field of education arise. Two explicit examples 
are worked out in order to illustrate the practical application value of an item 
response theory calibrated ability scale and a growth model. This chapter ends with 
a discussion on the methodological and theoretical limitations of the present thesis 
and the consequent issues that may be addressed in future research. 
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6.1. Outcomes of the present thesis 
The central issues addressed in this thesis include: (a) the dimensionality of word-
reading and spelling ability, (b) the s t ructure of the developmental processes of 
word-reading and spelling, and (c) the predictive value of gender, ethnicity, and 
home-language on growth in word-reading and spelling. The analyses with regard 
to the dimensionality of word-reading (Chapters 2 and 3) and spelling (Chapters 2 
and 4) repeatedly indicated children's performances to be dominated by one single 
underlying ability. First, exploratory linear factor analyses showed that both word-
reading and spelling are composed of one single factor across grades two through 
six. Second, item response theory analyses showed that both children's word-
reading and spelling abilities can be estimated meaningfully in a unidimensional 
latent space. From Chapters 2 through 4 it can thus be concluded that children's 
growth in word-reading and spelling can be conceptualized as a unidimensional 
and cont inuous learning phenomenon across the years. Comparable s tudies which 
also address the dimensionality of word-reading a n d / o r spelling ability are scarce. 
Studies mainly focus on the dimensionality of literacy by examining the 
relationships between a variety of reading and spelling-related measures (e.g., 
Mehta, Foorman, Branum-Martin, & Taylor, 2005) rather than on the 
dimensionality of word-reading or spelling. An exception is Notenboom and 
Reitsma (2003) who used the two-parameter item response model of Bi rnbaum to 
examine the latent s t ructure of a Dutch spelling achievement test. They concluded 
one single ability to underlie elementary-age children's spelling performances. 
Foorman et al. (1998, 2006) similarly analyzed a word-reading test with the one-
parameter item response model of Rasch and concluded the calibration resul ts to 
be satisfactory. The present results support the conclusion that word-reading and 
spelling are likely to be uni tary constructs . 
The analyses with regard to the s t ructure of the developmental processes of 
word-reading and spelling (Chapter 5) indicated that word-reading and spelling 
development are phenomena in which latent trajectory and autoregressive 
processes operate simultaneously. Autoregressive latent trajectory analyses, tha t 
is, showed the individuals in the sample to have distinct developmental trajectories 
for both word-reading and spelling, but also substant ia l additional effects due to 
prior word-reading and spelling abilities. Analyses further showed strong reciprocal 
predictive relationships between word-reading and spelling across grades, but 
whereas the influence of spelling ability to word-reading ability proved relatively 
constant , the influence of word-reading ability to spelling ability diminished over 
time. Previous a t tempts to model word-reading a n d / o r spelling development are 
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not directly comparable to the present a t tempt . There is not only a clear tendency 
to apply the s t andard autoregressive growth modeling strategy (e.g., Aamoutse , 
Van Leeuwe, Voeten, & Oud, 2001 ; Bast, 1995; Bast & Reitsma, 1997, 1998), but 
to date, there is also no single s tudy tha t empirically evaluated how the 
developmental processes of word-reading and spelling should best be treated. 
Nevertheless, the s tudies of Fletcher-Flinn, Shankweiler, and Frost (2004) and 
Foorman et al. (1991) agreed upon the finding that word-reading and spelling 
ability are closely linked. Ellis and Cataldo (1990), moreover, also found evidence 
for strong predictive relat ionships in the direction from spelling to reading and 
weaker predictive relat ionships in the direction from reading to spelling. 
The s t ruc ture of the developmental processes of word-reading and spelling was 
not only examined by m e a n s of autoregressive latent trajectory analyses, but also 
by means of the computat ion of expected word-reading and spelling scores for 
different orthographic complexities (Chapters 3 and 4). Children appeared to 
acquire the reading and spelling of specific types of words in a n overlapping 
stepwise manner . For reading, children showed a tendency to master monosyllabic 
words very early in development. Thereafter, the reading of bisyllabic, polysyllabic, 
and loan words - in tha t order - are gradually mastered. A similar stepwise pat tern 
was observed for spelling. Phonologically t ransparen t words are generally mastered 
very quickly (i.e., grade 2 /3) , while the spelling of analogy-based, rule-based, and 
visual-imprint words requires more learning and practice. The observed pa t te rns of 
mastery are not new. In addition to word length (e.g., Aghababian & Nazir, 2000; 
Ferrand, 2000; J a r e d & Seidenberg, 1990; Rayner, Sereno, & Raney, 1996; 
Spencer, 2007; Vitu, CRegan , & Mittau, 1990; Weekes, 1997), numerous s tudies 
have demonstrated tha t the orthographic depth of words, and in part icular the 
level of t ransparency of individual phonemes , has a significant effect on the reading 
and spelling difficulty of words (e.g., Oney & Goldman, 1984; Frith, Wimmer, & 
Landerl, 1998; Spencer & Hanley, 2003). Fur thermore, s tudies have shown that 
younger children tend to rely on phonetic spelling strategies (Varnhagen, Boechler, 
& Steffler, 1999) and tha t the use of morphology and analogy in spelling generally 
takes considerable time to develop (Nunes, Bryant, and Bindman, 1997). All these 
results support the conclusion that the development of reading and spelling ability 
is likely to occur in an overlapping stepwise manner . 
The analyses with regard to the predictive value of gender, ethnicity, and home 
language on reading and spelling development (Chapters 3, 4 and 5) indicated that 
neither gender nor ethnicity and home language significantly affect children's 
growth rate in reading or spelling. However, in contrast to ethnicity and home 
language, gender turned out to be a good predictor of initial level in word-reading 
and spelling. That is, girls proved to be ahead of boys in both reading and spelling 
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throughout the entire elementary education period. The present findings with 
respect to the effects of gender, ethnicity, and home language in relation to word-
reading and spelling ability have been found in other studies as well. Studies that 
focus on the development of literacy among first- and second language learners 
generally show largely equal skills in the area of word-reading (e.g., Chiappe & 
Siegel, 1999; Verhoeven, 1990, 2000; Wagner, Spratt, & Ezzaki, 1989) and spelling 
(Lesaux & Siegel, 2003; Share & Stanovich, 1995; Wade-Woolley & Siegel, 1997). 
Studies that focus on gender differences repeatedly demonstrated significant 
differences in reading and spelling favoring girls during the elementary school 
years (Allred, 1990; Appleyard, 1990; Lynn, 1992; Thomson, 1987; Vogel, 1990; 
Wilder & Powell, 1989). Taken together, there is converging evidence that ethnic 
minority children who acquire a particular language as second language are able to 
keep up with their native peers and that girls do better than boys in both reading 
and spelling. It is important to keep in mind, however, that the differences in 
achievement between boys and girls remain constant over time. Girls do not 
develop reading and spelling skills at a faster rate than boys. 
6.2. Towards a model of literacy acquisition 
In recent years, literacy has become a concept that can refer to almost any 
situation in which individuals negotiate or interact with the environment through 
the use of a language system. The United Nations Educational, Scientific and 
Cultural Organization (UNESCO, 2004), for instance, has defined literacy as: "... 
the ability to identify, understand, interpret, create, communicate and compute, using 
printed and written materials associated with varying contexts. It involves a 
continuum of learning to enable an individual to achieve his or her goals, to develop 
his or her knowledge and potential, and to participate fully in the wider society". 
Similarly, the American National Institute for Literacy (NIFL) has adopted a 
definition in which literacy is operationalized as: "... an individual's ability to read, 
write, speak, compute and solve problems at levels of proficiency necessary to 
function on the job, in the family of the individual, and in society" (see WIA, 1998). It 
has become increasingly common, moreover, to extend the definition of literacy to 
specific forms of literacy required in modem life, such as computer literacy, 
information literacy or health literacy. The idea of literacy, thus, can refer to a level 
of reading and writing that is adequate for communication within some domain, or 
to a level that enables individuals to understand and communicate ideas in a 
literate society, so as to take part in that society. For the purposes of the present 
thesis, however, it is necessary to adopt a narrower and more traditional definition 
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of literacy, one that refers to learning to read and write rather than to particular 
literacy functions or levels of achievement. 
The acquisition of literacy across elementary education involves two basic 
forms of learning, namely (a) learning how to transpose writing into speech, and (b) 
learning how to transpose speech into writing. By means of specific instruction and 
practice in the area of reading and spelling, children gradually develop a 
sophisticated knowledge system that incorporates information on the language's 
phonological, orthographic, and morphological patterns and structures. By means 
of repeated testing of a child's reading and spelling abilities, it can be monitored 
whether the knowledge system for literacy develops in a satisfactory manner or not. 
For a correct and meaningful interpretation of children's progress in the area of 
literacy, it is essential to have knowledge on the nature of literacy across time. On 
the one hand, it is mandatory to have insight in the dimensionality of the 
underlying knowledge system at different phases of development, both within the 
subdomains of reading and spelling as well as within the broader domain of 
literacy. On the other hand, it is mandatory to have insight in the changes and 
developments that occur in the knowledge system as children learn and gain 
experience in reading and writing. Both issues have been addressed in the different 
chapters of this thesis. Figure 6.1 gives a schematic representation of the 
presented results with regard to the dimensional structure of the knowledge system 
for literacy and its development within the context of Dutch. 
The results with regard to the dimensionality of the knowledge systems 
involved in reading and spelling showed the systems to be both unidimensional in 
the more advanced phase of literacy. This means that, after acquisition of the basic 
phonological and orthographic properties of the Dutch language, all word-reading 
and spelling activities essentially appealed to their respective underlying knowledge 
system in the same manner in all subsequent phases of learning. The results with 
regard to the associations between learning to read and learning to spell showed a 
strong degree of interdependency in despite of the relative strength of both 
processes and the diminishing predictive value of reading to spelling in later 
phases of learning. This means that the reading and spelling abilities of Dutch 
children are likely to develop in conjunction and not independently (e.g., Goswami 
06 Bryant, 1990; Gough, Juel, & Griflith, 1992) or in sequence (e.g., Frith, 1985; 
Ehri, 1991, 1997). In light of the strong reciprocal relationships between learning 
to read and learning to spell, it seems reasonable to assume reading and spelling 
activities to be both governed by one single knowledge system rather than by two 
qualitatively different systems. In that case, the same information is used for both 
reading and spelling, and all children's reading and spelling experiences 
continuously contribute to expansion and improvement of the available 
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information. The manner in which the information is u sed and invoked depends on 
the na ture of the literacy activity. The idea of one single knowledge system for 
literacy which develops via interactions between reading and spelling experiences, 
is drawn in the bottom part of Figure 6 .1 . Current theoretical models of skilled 
word recognition and spelling essentially agree with the assumpt ion that a single 
system governs reading and spelling. Both distributed triangle models (e.g., Plaut 06 
Booth, 2000; Plaut, McClelland, Seidenberg, & Patterson, 1996; Van Orden, 
Pennington, & Stone, 1990) and symbolic dual-route models (e.g., Coltheart, 
Curtis, Atkins, & Haller, 1993; Coltheart et al., 20 0 1 ; Paap & Noel, 1991) posit a 
single source of knowledge as supplying information for reading and spelling. 
The results with regard to the levels of mastery of different orthographic 
complexities across different phases of learning showed a tendency for the children 
to master the reading of monosyllabic (IS), bisyllabic (2S), polysyllabic (3S), and 
loan words (LW) successively a s overlapping waves. Within the domain of spelling, 
children similarly showed a tendency to master the writing of phonetic (PH), 
analogy-based (AB), rule-based (RB), and visual-imprint (VI) words in an 
overlapping stepwise manner . The approximate levels of mastery across grades two 
through six are drawn in Figure 6 .1 . The pa t te rns of mastery provide valuable 
information on the development of the knowledge system for literacy as regards 
content. The pat terns can be explained using the restricted-interactive theory from 
Perfetti (1985, 1991, 1992). A child's representat ions of words are postulated to 
develop along two quality dimensions: The first dimension relates to the number of 
position-correct specific letters in a word representation and the second dimension 
relates to the number of r edundan t context-sensitive let ter-phoneme mappings in a 
word representation. According to Perfetti, t hus , children gradually develop 
representat ions of words tha t have high quality to the extent that they include a 
fully specified orthographic representation and redundan t phonological 
representat ions. In light of this assumption, it is quite na tura l tha t children show a 
tendency to master the reading of monosyllabic words early in development. 
Monosyllabic words are shorter than bisyllabic and polysyllabic words and have 
simpler phonological s t ruc tures . The letters, for instance, often have the same 
sound both when they are pronounced separately as well a s when they are 
pronounced as part of the word, and if there are deviations, it usually relates to 
only one single letter-sound relationship. Polysyllabic and loan words, in contrast , 
often involve several let ter-sound inconsistencies which may such unique, 
moreover, tha t it will generally take more learning and experience before such 
words become fully specified and phonologically redundant . Children's mastery of 
the different spelling complexities can be explained following a similar reasoning. 
The spelling of phonetic words tends to be mastered early in development because 
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of the full consistency between letters and sounds . Rule and analogy-based words 
may still involve many consistent let ter-sound relationships, bu t also include an 
inconsistency due to a particular spelling convention and Etre hence more difficult 
to learn. Visual-imprint words tend to be the most difficult because they require 
full memorization; Spelling rules do not apply and the manne r of writing cannot be 
derived from analogy-reasoning. 
The discussion on literacy and its underlying knowledge system has as yet 
been limited to the more advanced phase of literacy where children have already 
acquired knowledge of the foundations of their language. Literacy acquisition, 
however, is often assumed to proceed along a cont inuum which begins in the very 
early stages of childhood (McGee & Richgels, 1996; Teale & Sulzby, 1986; Sulzby & 
Teale, 1991; Whitehurst & Lonigan, 1998). The behaviors of young children may 
not seem related to reading and writing, bu t activities such as "reading" from 
pictures and "writing" with scribbles can be seen a s important par ts of children's 
literacy development. As children grow older, the initially developed behaviors and 
concepts about reading and writing gradually move into more conventional forms of 
literacy. It is the question whether the knowledge system tha t underl ies to early 
literacy is the same as the one that underl ies to more advanced literacy. That is to 
say, does literacy acquisition indeed involve a cont inuum of learning or is there, in 
fact, some sort of demarcat ion between pre-literacy and conventional literacy. In 
the third chapter of this thesis , it h a s been shown tha t word-reading in first grade 
is something different than word-reading in grades two through six. Direct evidence 
for such between-group multidimensionality h a s not been found for spelling, bu t 
the information functions and domain scores a s presented in Chapter 4 of this 
thesis give occasion to a s sume that spelling in first grade is also not exactly the 
same as it is in the higher grades of elementary school (see also Notenboom & 
Reitsma, 2003). First grade t h u s seems to be the bending point in the process of 
literacy acquisition. Before children enter first grade they have not yet received 
formal literacy instruction. Children may experiment with reading and writing (see 
Snow, B u m s , & Griffin, 1998), but not in a m a n n e r that is directly comparable to 
conventional literacy. In first grade, children l e a m the basic phoneme-grapheme 
correspondence rules of their language by means of formal instruction and early 
reading and spelling practices. Though it is reasonable to talk about conventional 
literacy in this phase of learning, it should be recognized that literacy has still a 
different meaning than in later phases of learning. By the end of first grade, most 
children will have acquired the basic principles of their language. From this time, 
children's literacy skills continue to develop, but "literacy" will essentially retain the 
same psychological meaning. The idea of a knowledge system for literacy which 
evolves through three discrete stages is schematically represented in Figure 6 .1 . 
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The ideas on literacy acquisition that have been put forth are based on the 
empirical evidence provided in this thesis . Together, they provide a little insight in 
how the process of literacy acquisistion occurs within the context of Dutch. Of 
course, it can be argued tha t Figure 6.1 is too broad, that individuals may become 
literate in slightly different manne r s , and tha t the ideas with regard to the 
dimensional s t ructure of the knowledge system for literacy and its development are 
quite self-evident, but the models tha t have been proposed in the literature often 
do not spring from these ideas. Models s u b s u m e totally different stages, both for 
reading as well as for spelling (e.g., Ehri 1999; Frith, 1985; Gentry, 1982; Gough & 
HUlinger, 1980; Marsh, Friedman, Welch and Desberg, 1981), or implicitly 
postulate the knowledge system for literacy to have the same meaning across all 
phases of learning (e.g., Perfetti, 1992). On the basis of the present results , 
however, there is all reason to a s sume that reading and spelling are governed by 
one single knowledge system, tha t this system evolves through three discrete 
stages, and that the system's development in the "advanced" stage of literacy is an 
incremental and interactive process in which word representat ions become fully 
specified and phonologically redundant . Within the framework of these notions, it 
can be further mapped how the system develops in the different stages of literacy 
and how it is invoked for reading and writing activities. A large number of studies 
is already available that can contribute to addressing the first issue. Particularly 
the studies that focus on the emergence of phonological awareness (e.g. Anthony, 
Lonigan, Driscoll, Phillips, & Burgess, 2003; Anthony & Lonigan, 2004; Goswami & 
East, 2001) and the s tudies tha t focus on the effects of word-specific features in 
relation to reading and spelling (e.g., Brown, & Deavers, 1999; Goswami, Gombert, 
& de Barrera, 1998; Goswami, Ziegler, Dalton, & Schneider, 2003) are valuable. 
The manner in which the system operates h a s a s yet been mainly addressed from 
the perspective of reading (e.g., Stone, Vanhoy, & Van Orden, 1997; Zorzi, 
Houghton, & Butterworth, 1998), but recent research is beginning to investigate 
how the system governs spelling (e.g., Perry, Ziegler, & Coltheart, 2002; Perry & 
Ziegler, 2004). In view of the likeliness that both reading and spelling make an 
appeal to the same underlying knowledge system, it is especially the uncovering of 
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6.3. Ability scales and growth models in educational practice 
The ability scales and growth models as developed in this thesis have a clear 
practical application value in the area of educational measurement. Apart from the 
generally appealing characteristics of item response theory (see Chapter 1), the 
ability scales for word-reading and spelling offer opportunities for the tailoring of 
tests to individual needs. Large scale assessments, that is, normally must include 
items which are able to gauge the abilities of a broad range of examinees. This may 
not only lead to undesirable long tests in case the target population involves many 
different levels of ability, but may also bore the high ability examinees by 
presenting too easy items and frustrate the low ability examinees by presenting too 
difficult items. Computerized adaptive testing procedures avoid this issue by 
honing in on an individual's ability; The items that are informative around the 
ability estimate are presented and the items that do not contribute to the ability 
estimation process are omitted. The growth models from Chapter 5 can contribute 
to the reduction of the unreliability of ability estimates for individual children and 
can fulfill an important role in screening programs. Given the precise information 
on each individual's developmental trajectory, that is, particular groups of children 
may show such differentiated trajectories that they can be considered as the ones 
who need adjusted or remedial instruction. The two examples below further 
illustrate the possibilities for the application of ability scales and growth models in 
computerized adaptive testing and screening programs. 
6.3.1. Example 1: Computerized Adaptive Testing 
The aim of computerized adaptive testing is to construct an optimal test for each 
individual (Meijer & Nering, 1999). This means that a different test is constructed 
for each examinee by selecting the items such that the statistical properties of the 
items in the test match the ability level of the examinee. In order to be able to 
consistently estimate the ability across examinees' different item administrations, 
adaptive tests typically employ the field of item response theory. With an item 
response theory calibrated item pool it is possible to adapt a test to an individual's 
level because item difficulty is expressed on the same scale as the ability. In 
addition, item response theory allows for the estimation of the ability on the same 
scale even when examinees are administered different sets of items. Computerized 
adaptive tests are governed by a testing algorithm which prescribes the manner in 
which the tests are started, continued and terminated (see Thissen & Mislevy, 
2000). Figure 6.2 gives a schematic representation of the algorithm for a 
computerized adaptive test. As can be seen from Figure 6.2, adaptive tests usually 
start with the random presentation of one or more items with a predetermined 
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difficulty level. If there is any information on the ability for an examinee before 
testing, however, it belongs to the possibilities to use this information in the initial 
item presentation. 
ŒD 
Random selection of an 
item with a predetermined 
difficulty level 
Fig 6.2. Schematic representation of the algorithm for an adaptive test. 
After the initial item administrat ion, the adaptive tes ts continue with the 
presentat ion of tailored items. On the basis of the answers given by the examinee 
t h u s far, tha t is, an item is presented with a difficulty close to the runn ing est imate 
of ability. The ability for an examinee can be derived from the likelihood function of 
ability Θ. Given the observed response pat tern to a set of η dichotomous i tems (Xi = 
χι, X2 = χι, ..., Xn = Xn), the likelihood function is given as : 
(6.1) L(x,, x2,...x„ Ι Θ) = fi L(xJ Ι Θ) = f ] Ρ,(ΘΡ[1 - ρ,ΙΘ)]'" ' 
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where ρ^θ) can be the item response model with corresponding item parameters as 
presented in Chapter 4 of this thesis. Note that the likelihood function is slightly 
different for polytomously scored items. A frequently used estimator of the ability 
for an examinee after answering η items is the value which maximizes equation 1 
with respect to Θ. The statistically superior variant of this "Maximum Likelihood" 
estimator, which is generally known as the Weighted Maximum Likelihood 
estimator from Warm (1989), has been used throughout the present thesis. In case 
of the two-parameter logistic model, the Warm ability estimator after η items is 
given by: 
(6.2) θ„ = max 
V-r' J j ι 
where lj is the information function for item j . 
The statistical concept "item information" can play a central role in the 
selection of tailored items. The item with the highest information value at the 
current ability estimate is often regarded as the best item to administer next. For 
the two-parameter logistic model, the information function takes the following 
form: 
a ' expia,(θ-β,)] (6.3) Ι7(θ) = α > , ( θ ) [ 1 - ρ , ( θ ) ] - J F l j V H j " 1
 + εχρ[α 7 (θ-β^] 2 
The item information function expresses the contribution that a specific item j can 
make to the precision of the measurement of a person as a function of his or her 
ability. This becomes clear when one considers the estimation error for an ability 
estimate which can be shown to be inversely proportional to the square root of the 
summed information evaluated at the estimate: 
(6.4) SE(ên): 
JÏMÖ 
According to the maximum information selection approach, thus, the information 
at the current ability estimate for each item that has not yet been administered is 
computed first. Thereafter, the item with the highest information value is selected 
and administered to the examinee in order to gain as much information as possible 
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about the ability. Without further additional constraints this will involve an 
examinee to always have a 50 percent chance of getting an item right (cf. Eggen & 
Verschoor, 2006). Though the maximum information selection approach is applied 
most frequently in computerized adaptive testing, it should be noted that various 
other item selection approaches have been proposed in the literature (for a review, 
see van der Linden & Pashley, 2000). 
The procedure of administering, scoring, estimating and selecting continues 
until a certain stop criterion is met. An adaptive test can be terminated when (a) a 
target measurement precision has been attained, (b) a predetermined number of 
items has been administered, or (c) a predetermined amount of time has been 
elapsed (cf. Thissen & Mislevy, 2000). Any of these criteria may be used in its pure 
form, but in most adaptive testing applications a mixture between target precision 
and maximum number of items is used. In case the maximum information 
approach is applied to the selection of items, target precision will be defined in 
terms of the standard error of the ability estimate which can be computed using 
equation 4. Testing each examinee to the same prespecified level of precision 
guarantees that each measurement is as precise as intended by the test designer. 
In addition, the ability estimates for different examinees will be equally precise 
approximations of the ability. In this respect, computerized adaptive testing 
applications provide scores that conform to the classical test theory assumption of 
equal error variances at each point along the ability scale. The reason to constrain 
the length of adaptive tests is generally related to the possibility that any adaptive 
test could occasionally run out of items in the pool before the desired precision of 
measurement is reached. 
The application of computerized adaptive testing in educational practice has 
several advantages (see Straetmans & Eggen, 1998). Computerized adaptive tests 
challenge each examinee at his or her own level by omitting the items that axe too 
difficult or too easy in perspective of the ability. Computerized adaptive tests also 
yield a considerable gain in measurement efficiency relative to conventional linear 
tests which are the same for each examinee. It has been reported that the same 
precision of measurement can be maintained with administration of only half of the 
items that would be needed in a linear test (Eggen & Straetmans, 2000). Other 
advantages of computerized adaptive testing may include test security, the 
possibility of immediate feedback, the absence of physical answer sheets, and the 
variety of available item formats in a_computerized interface (see Wainer, 2000). It 
is important to realize, however, that the development of a computerized adaptive 
test is a very costly and time-consuming process. In addition to the development of 
an automated test environment, computerized adaptive testing applications require 
an item pool with hundreds of items (cf. Wise & Kingsbury, 2000) which need to be 
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pretested in a representative sample with a size varying from at least 200 persons 
for the Rasch model to at least 500 persons for the two-parameter logistic model. It 
has to be examined whether the responses to the items in the item pool can be 
described by the item response model that one has in mind, and after completion 
of the test environment and item pool, some practical issues with regard to the 
testing algorithm need yet to be addressed as well (see Kingsbury & Zara, 1991; 
Stocking & Lewis, 2000). The basic principles of computerized adaptive testing, 
thus, are straightforward and appealing, but the development and implementation 
of computerized adaptive tests tends to be complex. 
6.3.2. Example 2: Growth-based screening f or reading problems 
Classroom teachers and remedial teachers often put questions like, "to what degree 
has this child made progress in reading the past three months?" or "does this 
child's spelling development occur prosperously or is adjustment required?" Pupil 
monitoring systems attempt to address such questions by mapping changes in the 
ability for individual children. The quantification of individual growth or, more 
generally, the measurement of change or the monitoring of learning results, is far 
from easy, however. One of the most important difficulties relates to the typical 
unreliability of individual measurement results (cf. Bock, 1976). From statistical 
point of view, for instance, it is not right to interpret a change between two 
adjacent measurements in terms of growth if the confidence intervals for the two 
measurements completely overlap. From practical point of view, it is the question 
how measurement results which fluctuate excessively in time due to unreliability, 
should be assessed. Within the framework of item response theory, there are 
various possibilities to increase the reliability of measurement results. One 
possibility is to make use of the adaptive testing algorithm as presented in Figure 
6.2. Another possibility is to base the estimate of ability for an individual not only 
on the answers given on the test items, but also on the group to which the 
individual belongs. The growth models from Chapter 5 provide the kind of 
additional information that is needed for suppression of the unreliability and 
strong fluctuation of individual measurements in time. 
Suppose that a child's word-reading ability is tested at four different occasions 
of measurement by means of administration of items from the word-reading scale 
of Chapter 3. Researcher A does not want to use a priori information in the 
estimation of the child's ability on account of fairness. According to researcher A, 
that is, the estimate of ability may only rest upon the actual measurement result 
and not on previous measurement results or on the group to which someone 
belongs. The Weighted Maximum Likelihood estimator of Warm (1989) has proved a 
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good estimator for ability w h e n a p n o n information is ignored Of course, every 
WML-estimate h a s a n associated est imation error variance The est imation error 
vanance can be used for calculation of confidence intervals for test resul ts The 
WML-estimates and associated 9 5 % confidence intervals for child C are plotted in 
Figure 6 3 In addition, the population percentiles 10, 25, 50, a n d 75 for the four 
occasions of m e a s u r e m e n t are presented On the basis of these reference d a t a it 
can be determined how well child C performed in comparison with the group As 
can be seen from Figure 6 3, the child's ability lies a round the 2 5 t h percentile at the 
first occasion of m e a s u r e m e n t At the s u b s e q u e n t occasions of m e a s u r e m e n t , the 
child's ability first declines to below the 10 t h percentile and stabilizes again to 
around the 2 5 t h percentile, thereafter The confidence intervals show that the 
child's ability at the second m e a s u r e m e n t occasion is measured very unreliably 
relative to the other three m e a s u r e m e n t occasions Despite the fact that this 
unreliability of the second m e a s u r e m e n t may explain the child's initial decline in 
ability, it is obvious t h a t s u c h a n unreliable m e a s u r e m e n t is very problematic when 
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Fig 6.3. Weighted Maximum Likelihood estimates for child C 
Researcher Β utilizes a different strategy for the estimation of ability for child 
C at the four m e a s u r e m e n t occasions According to researcher Β there is no reason 
to ignore a p n o n information on a n individual's ability as the ingredients for 
est imators of ability already relate to a population The Expected A P o s t e n o n 
estimator c a n combine information from the m e a s u r e m e n t a n d growth model into 
one single ability est imate (see Bock & Mislevy, 1982) It would carry too far to go 
into detail about adaptive ΕΑΡ-estimation here Basically, it is the preceding EAP-
estimate for a child t h a t is u s e d to m a k e a prediction about the ability a t the 
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current point in time according to the growth model It is this predictive est imator 
of ability which, in turn, becomes the pnor to obtain a filtered ΕΑΡ-estimate for the 
current measurement . This procedure continues until all m e a s u r e m e n t occasions 
are processed Thereafter, smoothed ΕΑΡ-estimates might be obtained using a set 
of backward recursions with the filtered ΕΑΡ-estimates (see Kamphuis, 1993). The 
ability for child C at the four occasions of m e a s u r e m e n t as calculated us ing 
adaptive ΕΑΡ-estimation are plotted in Figure 6 4. As before, the 9 5 % confidence 
intervals a n d the population percentiles 10, 25, 50, and 75 for the four occasions 
of m e a s u r e m e n t are also presented From Figure 6.4, it can be established that the 
est imates of ability are shifted into the direction of the population mean. The 
shifting is the largest for the second m e a s u r e m e n t occasion where the WML-
estimate was the most unreliable It can also be established that the estimation 
errors for the ΕΑΡ-estimates are smaller t h a n the estimation errors for the WML-
estimates. Thus, whereas WML-estimation resulted in a ra ther capricious growth 
pattern, adaptive ΕΑΡ-estimation shows a steady increase in ability for child C. 
Such a growth pattern does not only make more sense, b u t Eliso precludes teachers 
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Fig 6.4. Expected A Postenon estimates for child C 
When we can m a p individual children's growth reliably, new opportunit ies 
a n s e to screen for reading problems in education In the Netherlands, the current 
practice is to consider the children with a score below the 10 t h percentile as the 
children at nsk . This m e a n s t h a t these children will receive additional instruction 
and intervention from their classroom a n d / o r remedial teacher This approach to 
the screening for reading problems can be criticized, however The 10 , h percentile, 
for instance, is nothing more t h a n a relative position on a frequency scale and on 
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such a scale there will always be a group of 10 percent poorest A score below the 
10 t h percentile, t h u s , essentially does not have to indicate a reading problem As a 
mat ter of fact, in light of intelligence a n d home environment, it can be quite n a t u r a l 
t h a t a child always obtains a score that lies below the 10 t h percentile An 
alternative a p p r o a c h to the screening for reading problems might involve the 
application of growth curves The growth pat tern for child C in Figure 6 4 can be 
considered as normal in that it is similar to the growth pat tern of t h e 2 5 l h 
percentile group When the scores for child C would not fluctuate a r o u n d the 2 5 t h 
percentile, b u t a r o u n d the 10 t h percentile instead, there would still be no well-
founded reason to worry as the child's progress is still similar to the progress of 
most other 10 t h percentile children Only when a child progresses according to the 
pat tern a s depicted in Figure 6 5, there is occasion to intervene because the growth 
of the child now remarkably stays behind the growth of the reference group Taken 
together, it might be advantageous to base decisions on a child's reading level not 
only on the most recent m e a s u r e m e n t result, but on all m e a s u r e m e n t resul ts t h a t 
have been collected so far In that case, it is possible t h a t a child who is identified 
a s "at n s k " initially, is not identified anymore a s s u c h later despite the fact t h a t the 
percentile rank (e g , < PIO) for the child did not change For application of s u c h a n 
approach, it is essential t h a t ability is reliably est imated at all occasions of 
m e a s u r e m e n t As we have seen, the growth models of Chapter 5 can clearly 
contribute to the reduction of the unreliability of ability es t imates for individual 
children 
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Fig 6.5. Aberrant growth pattern for an individuai child 
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6.4. Limitations and future issues 
There are a few potential limitations on the present thesis which should be taken 
into account. The results with regard to the dimensional structure of reading and 
spelling ability across the elementary grades are for an important part based on 
parametric item response theory analyses. The motive to choose for application of 
item response theory has been argued in the first chapter of this thesis. Some 
researchers, however, might see a necessity for additional analyses or might even 
reject the method as being adequate for recovery of the dimensionalities of test 
data. Their argument will be that the fitting of the Generalized Partial Credit item 
response model to test data is nothing more than a rather weak method for 
evaluating dimensionality because items are simply forced into a single dimension. 
This critique is in some way right and has already been partially overcome by 
conducting exploratory linear factor analyses and latent correlational analyses, but 
also these approaches to the assessment of the dimensionality of test data have not 
been without controversy (see, for example, Hattie, 1984; Mislevy, 1986; Knol & 
Berger, 1991). Alternative procedures might involve the application of non-
parametric item response theory (e.g., Roussos, Stout, & Marden, 1998; Stout et al. 
1996) or linear confirmatory factor analyses (e.g., Long, 1983). Van Abswoude, Van 
der Ark, and Sijtsma (2004), however, have demonstrated that also nonparametric 
item response theory methods for determining the dimensionality of item response 
data are not always able to recover the true dimensionality of the data. Meade and 
Lautenschlager (2004) have similarly shown that confirmatory factor analysis is not 
without flaw. Seeing that all different methods for examination of dimensionality 
have their shortcomings, it is important to examine the issue of dimensionality 
from different approaches. A few possible methods have already been applied in the 
present thesis, but it would be valuable to examine whether methods like 
confirmatory factor analysis and nonparametric item response theory analysis 
replicate the presented results. 
Statistical models that can analyze both a person's item scores and response 
times are scarce and have not yet proved their usefulness for measurement 
practice. The accuracy measures and response times provided by the progressive 
demasking technique have therefore been analyzed within the framework of 
polytomous item response theory. The application of polytomous item response 
theory necessitated the transformation of the accuracy measures and response 
times into so-called "reading fluency" scores; That is, higher item scores indicated 
fast and correct reading and lower item scores indicated slower or incorrect 
reading. Such a transformation is intuitively appealing because accuracy and 
speed are both considered in a manner that is still relatively easy and 
straightforward. The relative simplicity of the method, however, cannot only be 
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seen as an advantage, but also as a potential weakness of the method. The cut-off 
scores as established for fluent, half fluent, and non-fluent word-reading are 
essentially arbitrary, and possible intricacies in a person's response times are not 
well visible anymore. The possibilities for the simultaneous modeling of reading 
accuracy and reading speed should therefore be further explored. Current 
approaches (e.g., Roskam, 1997; Verhelst, Verstralen, & Jansen, 1997) that 
postulate an interaction between the parameters that govern the distributions of 
the person's response times and his or her response variables for the items seem 
less suited for this purpose. Reading accuracy and reading speed will not be clearly 
related within regular orthographies as Dutch on account of the high percentage of 
accurate responses that can be expected to occur (Verhoeven & Leeuwe, 2003). The 
approaches in which response time distributions are modeled without any 
parametric relation to the distribution of the response variables on the items (e.g., 
Van der Linden, Scrams, & Schnipke, 1999), or the approaches in which the 
response and response time distributions are assumed to be determined by distinct 
parameters with statistical relations to be captured by a second level of modeling 
(Van der Linden, 2006, 2007) will probably provide better opportunities for the 
modeling of word-reading data. 
Children's spelling abilities have been tested by means of paper-based and 
computer-based test administrations. Both administration forms involved the same 
items, but whereas children wrote down their answers in the paper-based mode, 
they used the computer keyboard in the computer-based mode. Though this seems 
only a minor difference, it is not sure whether children's scores obtained from the 
two different modes of delivery are interchangeable. For example, the scores 
derived from computer-based administration as compared to paper-based 
administration might reflect not only the child's spelling proficiency, but also 
differences in typing proficiency. The issue of writing versus typing has only been 
marginally addressed throughout the present thesis. The strategy involved the 
estimation of item and ability parameters on the basis of either the paper-based or 
the computer-based test data. The analyses showed both the item and ability 
parameters as separately estimated for the two different modes of delivery to be 
linearly associated. This result indicates that children did not score systematically 
higher or lower in the computer-based mode than they did in the paper-based 
mode. The used method for the assessment of differences between writing versus 
typing, however, is somewhat subjective in that a standard for the interpretation of 
the degree of similarity between the one set of parameter estimates and the other 
lacks. It is therefore necessary to readdress the issue of writing versus typing from 
a different perspective. One possibility is to conceive the spelling data as being 
gathered in a repeated measurement design with four occasions of measurement 
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and two administration modes. As such, it is possible to adopt a multi-level 
approach (see Goldstein, 1995) in which the measurements for the two 
administration modes define the first level and the subjects the second level. 
Another possibility is to evaluate children's performances at the level of the item by 
means of a differential item functioning analysis (see, for example, Thissen, 
Steinberg, & Wainer, 1998; Holland & Thayer, 1998). Within the context of item 
response theory, differential item functioning means that some dimension on which 
two groups differ influences the probability of correctly answering an item. 
Evidence for differential item functioning would thus be found in case typing is 
more difficult than writing, or conversely, when writing is more difficult than 
typing. 
Autoregressive latent trajectory and item response theory analyses have been 
used to investigate a few fundamental issues in reading and spelling research. The 
issues addressed include the dimensional structure of reading and spelling 
development, the pattern of acquisition of specific orthographic complexities, and 
the developmental relationships between reading and spelling. The results as 
presented in this thesis yield a contribution to these issues, but some of the results 
do call for further elaboration. The existence of multidimensionality between first 
grade reading and later reading, for instance, has not yet been demonstrated 
convincingly. Whereas the statistical tests regarding the fit of the item response 
model were very distinct, other analyses did not confirm the observation of 
multidimensionality. A differential item functioning analysis might provide 
additional evidence, but it should also be examined whether dimensionality 
investigations on different operationalizations of word-reading converge to the same 
conclusion. Another issue that needs further elaboration relates to the sequence of 
acquisition of reading and spelling competence across elementary education. It has 
been attempted to uncover the pattern of reading and spelling acquisition by 
means of calculation of expected scores for "subdomains" of reading and spelling. 
The subdomains of reading included (a) monosyllabic word-reading, (b) bisyllabic 
word-reading, (c) polysyllabic word-reading, and (d) loan word-reading. The 
subdomains of spelling included (a) phonetic spelling, (b) analogy-based spelling, 
(c) rule-based spelling, and (d) visual-imprint spelling. These classifications seem 
logic and adequate in perspective of Dutch reading and spelling education. 
However, the classification in subdomains is not at all established and may even be 
criticized. The subdomains for spelling, for example, refer to the strategies that are 
taught to children to spell specific words. It is unknown whether children really 
apply these strategies to the relevant words or that they apply different strategies. 
For the current reading subdomains, it can similarly be argued that factors such 
as word frequency or number of word letters do not affect the classification while 
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these factors c a n be of part icular relevance in reading It would t h u s be valuable to 
compute expected scores for m a n y potential components in reading and spelling in 
order to come to a n optimal description of the sequence of acquisition of reading 
and spelling competence in Dutch 
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A good reading and spelling ability is essentia] to function successfully in society. 
However, research has revealed that about ten percent of the children in the 
Netherlands must be considered as functionally analphabetic at the end of 
elementary education. This means that their reading and spelling abilities do not 
reach further than the level of an average grade 4 child. For these children it will be 
difficult to maintain themselves in secondary education and daily life due to their 
limited reading and spelling abilities. This result is particularly startling because 
research has shown that early interventions with regard to reading and spelling 
can reduce the number of children with reading and spelling problems 
substantially. It is therefore important to monitor children's reading and spelling 
development systematically and accurately in order to notice delays in the reading 
and spelling process timely. The present thesis is, on the one hand, directed to the 
development of instruments which make it possible to map children's progression 
in the area of reading and spelling meaningfully. On the other hand, this thesis 
aims to provide a contribution to the theoretical conceptualization of reading and 
spelling development. In Chapter 1, the scope and objectives of this thesis are 
described in detail. 
In Chapter 2, the screening for reading and spelling problems stands central. 
A number of testing procedures are described and the measurement problems 
involved in the monitoring of children's progression are discussed. How can it be 
warranted that the tests which are used to measure reading or spelling ability 
continuously reflect the underlying ability in the same manner and to the same 
degree? And second, how can children's results obtained on different tests, which 
claim to measure the same ability, but differ in difficulty, be compared 
meaningfully? Application of a measurement model from item response theory 
proves a good solution to the mentioned problems. Chapter 2 shows that reading 
and spelling performances of children in the grades 2 through 6 can be described 
adequately by a unidimensional item response model. When an item response 
model holds for a collection of items, it becomes possible to measure children on 
the same metric with every arbitrary selection of items from the collection. From an 
estimate of ability, moreover, it can be derived precisely which items from the 
collection are mastered, which items need attention, and which items are yet too 
difficult. It is exactly this type of information that is needed to treat delays in 
reading and spelling effectively. 
In Chapter 3, the development of reading ability throughout elementary 
education is closer analyzed. Cognitive developmental models often postulate that 
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learning to read can be conceptualized as proceeding through a series of distinct 
stages in which qualitatively different strategies are used to decode words. If the 
ability that underlies word-decoding indeed changes qualitatively over time, this 
means that reading development is a discont inuous and multidimensional process. 
The unidimensional item response model from Chapter 2 would not be an adequate 
reflection of reading development in this perspective. In Chapter 3, therefore, it is 
explicitly examined if the performances of a small 1600 children on a varied item 
collection with monosyllabic, bisyllabic, polysyllabic, and loan words give occasion 
to consider reading ability or reading development multidimensional. Linear factor 
analyses show that the four word groups appeal to the same underlying ability in 
all grades. Latent correlational analyses and item response theory analyses show 
that reading ability has the same psychological meaning in the grades 2 through 6. 
However, the reading behavior of first grade children proves qualitatively different 
from the reading behavior of grade 2 through 6 children. Moreover, children show a 
tendency to acquire the four word groups in an order that resembles a phased 
developmental process. The initial choice for a unidimensional item response model 
in grades 2 through 6 t h u s proves adequate , but it is too simplistic to 
conceptualize reading development as a unidimensional learning cont inuum. 
In Chapter 4, the development of spelling ability across grades 2 through 6 is 
addressed in more detail. Leading cognitive developmental models again predict 
tha t the spelling learning process comprises a number of qualitatively distinct 
stages in which different sources of knowledge are used. In order to investigate 
whether different types of spelling items indeed reflect different underlying abilities, 
or that the construct spelling ability changes qualitatively over time, the item 
responses of more than 1300 children are analyzed. Linear factor analyses show a 
single ability to virtually underlie the spelling of phonetic, analogy-based, rule-
based, and visual-imprint words. Latent correlational analyses and item response 
theory analyses, moreover, show no qualitative changes to occur in grade 2 
through 6 children's spelling ability. The results of Chapter 4, thus , show that a 
stage model is not tenable in grades 2 through 6 of Dutch elementary education. 
However, also in spelling children show a tendency to acquire words in a particular 
order. Phonetic words are generally already mastered early in development. 
Thereafter, children gradually acquire the spelling of rule-based, analogy-based, 
and visual-imprint words. In this perspective, the overlapping waves model of 
Siegler (2000) seems to provide a good basis to describe children's spelling 
development. 
In Chapter 5, children's reading and spelling development is modeled within 
the framework of the autoregressive latent trajectory model from Bollen and Curran 
(2004). The item response theory calibrated ability scales as been developed and 
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theoretically validated in the preceding chapters provide the basis for the modeling 
of the development of reading and spelling ability. Autoregressive latent trajectory 
analyses show significant differences between children's growth patterns on both 
reading and spelling. This means that reading and spelling development are for an 
important part governed by an underlying random latent trajectory process. 
Analyses, however, also show significant additional effects due to prior reading or 
spelling measurements. This means that the reading and spelling abilities for 
children also partially develop in a similar manner. In reading, the underlying 
latent trajectory process clearly outweighs the autoregressive process. In spelling, 
on the other hand, the autoregressive process receives more emphasis because of 
less interindividual variability in development. The analyses in which the 
longitudinal associations between reading and spelling ability are modeled, shows 
readmg and spelling ability to be strongly interrelated. However, whereas the 
predictive value of spelling ability on reading ability is constant in time, the 
predictive value of reading ability on spelling ability proves developmentally limited. 
In Chapter 6, the key results of the different chapters are summarized and 
placed in theoretical perspective. The results give rise to assume that reading and 
spelling activities are governed by one single underlying knowledge system, that 
this system evolves through three discrete stages, and that the system's 
development in the last stage of literacy can be conceived as an incrementai] and 
interactive process in which word representations become fully specified and 
phonologically redundant. Current developmental models often do not spring from 
these ideas and may therefore require some adjustment. It is yet unclear, however, 
whether the present results only account for Dutch or can be generalized to other 
orthographies as well. The results of the different chapters are not only 
theoretically relevant, but can also be applied directly to educational practice. In 
Chapter 6, it is illustrated how the item response theory calibrated spelling scale 
can be used to test children's spelling ability adaptively. In addition, it is indicated 
how the growth model for reading can contribute to the increasing of reliability of 





Een goede lees- en spellingvaardigheid is essentieel om succesvol te kunnen 
functioneren in de maatschappij. Uit onderzoek blijkt echter dat zo'n tien procent 
van de kinderen in Nederland op het einde van de basisschool als functioneel 
analfabeet moet worden aangemerkt. Dit betekent dat hun lees- en 
spellingvaardigheden niet verder reiken dan het niveau van een gemiddelde groep 6 
leerling. Deze kinderen zullen zich als gevolg van hun beperkte lees- en 
spellingvaardigheid maar moeilijk kunnen handhaven in het vervolgonderwijs en 
het dagelijks leven. Dit resultaat is des te meer alarmerend, omdat onderzoek heeft 
laten zien dat vroegtijdige interventies ten aanzien van lezen en spellen, het aantal 
kinderen met lees- en spellingproblemen sterk kan terugdringen. Het is daarom 
van groot belang dat de lees- en spellingontwikkeling van kinderen nauwkeurig en 
systematisch gevolgd wordt, teneinde achterstanden in het lees- en spellingproces 
tijdig op te merken. Het onderhavige proefschrift is enerzijds gericht op het 
ontwikkelen van instrumenten die het mogelijk maken om vorderingen van 
kinderen op het gebied van lezen en spellen betekenisvol in kaart te brengen. 
Anderzijds beoogt het proefschrift een bijdrage te leveren aan de theoretische 
conceptualisering van lees- en spellingontwikkeling. In hoofdstuk 1 worden de 
uitgangspunten en doelstelling van dit proefschrift uitgebreid beschreven. 
In hoofdstuk 2 staat het signaleren van lees- en spellingproblemen centraal. Er 
worden een aantal toetsprocedures beschreven en er wordt ingegaan op een aantal 
meetproblemen die spelen bij het volgen van vorderingen van kinderen. Hoe kan 
gegarandeerd worden dat de toetsen die gebruikt worden om lees- of 
spellingvaardigheid te meten steeds in even sterke mate, en op dezelfde manier, de 
onderliggende vaardigheid reflecteren? En ten tweede, hoe kunnen resultaten die 
kinderen behalen op verschillende toetsen, die hetzelfde pretenderen te meten, 
maar aanzienlijk verschillen in moeilijkheid, betekenisvol vergeleken worden? 
Toepassing van een meetmodel uit de item response theorie blijkt een goede 
oplossing voor de genoemde problemen. Hoofdstuk 2 laat zien dat lees- en 
spellingprestaties van kinderen in de groepen 4 tot en met 8 adequaat beschreven 
kunnen worden met een eendimensionaal item response model. Wanneer een item 
response model geldt voor een verzameling items wordt het mogelijk om kinderen 
op dezelfde schaal te meten met elke willekeurige selectie van items uit de 
verzameling. Bovendien kan uit een schatting van de vaardigheid precies afgeleid 
worden welke items uit de verzameling beheerst worden, welke items aandacht 
behoeven, en welke items nog te moeilijk zijn. Het is precies dit type informatie dat 
nodig is om achterstanden in lezen en spellen effectief te behandelen. 
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In hoofdstuk 3 wordt dieper ingegaan op de ontwikkeling van leesvaardigheid 
gedurende het basisonderwijs. Cognitieve ontwikkelingsmodellen gaan er vaak 
vanuit dat leren lezen geconceptualiseerd kan worden als een opeenvolging van 
fasen waarin kwalitatief verschillende strategieën gebruikt worden om woorden te 
decoderen. Als de vaardigheid die ten grondslag ligt aan het decoderen van 
woorden inderdaad kwalitatief verandert in de tijd, betekent dit dat 
leesontwikkeling een discontinu en meerdimensionaal proces is. Het 
eendimensionale item response model uit hoofdstuk 2 zou in dit perspectief toch 
geen adequate weerspiegeling zijn van leesontwikkeling. In hoofdstuk 3 wordt 
daarom expliciet onderzocht of de prestat ies van een kleine 1600 kinderen op een 
gevarieerde itemverzameling met monosyllabische, bisyllabische, polysyllabische, 
en ui theemse woorden aanleiding geven om leesvaardigheid of leesontwikkeling te 
beschouwen als meerdimensionaal . Lineaire factoranalyses laten zien dat de vier 
woordgroepen een beroep doen op dezelfde onderliggende vaardigheid in alle 
leerjaren. Latente correlatieanalyses en item response theorie analyses laten zien 
dat leesvaardigheid in de groepen 4 tot en met 8 steeds dezelfde psychologische 
betekenis heeft. Echter, het leesgedrag van groep 3 kinderen blijkt kwalitatief te 
verschillen van het leesgedrag van groep 4 tot en met 8 kinderen. Bovendien blijken 
kinderen de vier woordgroepen te verwerven in een volgorde die enigszins doet 
denken aan een gefaseerd ontwikkelingsproces. De aanvankelijke keuze voor een 
eendimensionaal item response model in de groepen 4 tot en met 8 blijkt dus 
adequaat , maar het is te eenvoudig om leesontwikkeling te conceptualiseren als 
een eendimensionaal leercont inuüm. 
In hoofdstuk 4 wordt de ontwikkeling van spellingvaardigheid in de groepen 4 
tot en met 8 nader onderzocht. Wederom voorspellen vooraanstaande cognitieve 
ontwikkelingsmodellen dat het spellingleerproces een aanta l kwalitatief gescheiden 
fasen omvat waarin verschillende bronnen van kennis worden gebruikt. Om te 
onderzoeken of verschillende typen spellingitems inderdaad verschillende 
onderliggende vaardigheden reflecteren, of dat het construct spellingvaardigheid 
kwalitatief verandert in de tijd, worden de itemantwoorden van meer dan 1300 
kinderen geanalyseerd. Lineaire factoranalyses laten zien dat er in feite één 
vaardigheid ten grondslag ligt aan het spellen van luister-, net-zoals-, regel-, en 
weetwoorden. Latente correlatieanalyses en item response theorie analyses laten 
bovendien zien dat er in de groepen 4 tot en met 8 geen kwalitatieve veranderingen 
plaatsvinden in de spellingvaardigheid van kinderen. De resul taten in hoofdstuk 4 
laten dus zien dat een fasenmodel voor spellingontwikkeling niet verdedigbaar is in 
de groepen 4 tot en met 8 van het Nederlandse basisonderwijs. Echter, ook bij 
spelling blijken kinderen woorden in een bepaalde volgorde te verwerven. 
Luisterwoorden worden over het algemeen al vroeg in de ontwikkeling beheerst . Pas 
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daarna verwerven kinderen geleidelijk aan de spelling van regel-, net-zoals-, en 
weetwoorden. In dit perspectief lijkt het overlappende golvenmodel van Siegler 
(2000) een goede basis te bieden om de spellingontwikkeling van kinderen te 
beschrijven. 
In hoofdstuk 5 wordt de lees- en spellingontwikkeling van kinderen 
gemodelleerd binnen het raamwerk van het autoregressieve latente groeicurve 
model van Bollen en Curran (2004). De item response theorie gekalibreerde 
vaardigheidsschalen zoals die ontwikkeld en theoretisch gevalideerd zijn in de 
voorgaande hoofdstukken vormen de basis voor de modellering van de ontwikkeling 
van lees- en spellingvaardigheid. Autoregressieve latente groeicurve analyses laten 
zien dat er bij zowel lezen als spellen significante verschillen zijn tussen 
groeipatronen van kinderen. Dit betekent dat lees- en spellingontwikkeling voor een 
belangrijk deel geregeld worden door een onderliggend random latent groeicurve 
proces. Analyses laten echter ook significante additionele effecten zien als gevolg 
van voorgaande lees- of spellingmetingen. Dit betekent dat de lees- en 
spellingvaardigheden van kinderen zich voor een deel ook op een gelijke manier 
ontwikkelen. Bij lezen blijkt het onderliggende latente groeicurve proces 
belangrijker dan het autoregressieve groeiproces. Bij spelling blijkt de inter-
individuele variabiliteit kleiner dan bij lezen waardoor het autoregressieve 
groeiproces meer nad ruk krijgt. De analyse waarin de longitudinale relaties t u s sen 
lees- en spellingvaardigheid gemodelleerd worden, laat zien dat lees- en 
spellingvaardigheid sterk met elkaar samenhangen . Echter, waar de voorspellende 
waarde van spellingvaardigheid op leesvaardigheid constant is in de tijd, blijkt de 
voorspellende waarde van leesvaardigheid op spellingvaardigheid af te nemen met 
ontwikkeling. 
In hoofdstuk 6 worden de belangrijkste resul taten uit de verschillende 
hoofdstukken samengevat en in een theoretisch perspectief geplaatst . De 
resul taten geven aanleiding om a a n te nemen dat lees- en spellingactiviteiten 
geregeld worden door één onderliggend kennissysteem, da t dit systeem zich 
ontwikkelt door drie opeenvolgende fasen, en da t de ontwikkeling van het systeem 
in de laatste fase opgevat kan worden als een interactief proces waarin 
woordrepresentaties geleidelijk aan meer gespecificeerd en fonologisch r edundan t 
worden. Huidige ontwikkelingsmodellen gaan vaak niet uit van deze ideeën en 
behoeven daarom wellicht enige aanpass ing. Het is echter nog onduidelijk of de 
onderhavige resul taten alleen gelden voor het Nederlands of ook gegeneraliseerd 
kunnen worden naa r andere orthografieën. De resul taten van de verschillende 
hoofdstukken zijn niet alleen theoretisch relevant, maar k u n n e n ook direct 
toegepast worden in de onderwijspraktijk. In hoofdstuk 6 wordt geïllustreerd hoe 
de item response theorie gekalibreerde spellingschaal gebruikt kan worden om 
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kinderen adaptief te toetsen. Daarnaast wordt aangegeven hoe het groeimodel voor 
lezen kan bijdragen aan het vergroten van de meetnauwkeurigheid van individuele 
metingen en hoe leesproblemen vervolgens gesignaleerd kunnen worden. 
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